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ABSTRACT 
 
SARAH KATHLEEN RHEA, DVM, MPH: Animal Bite Injuries in North Carolina:  
Emergency Department Visits and Risk Factors for Hospitalization 
(Under the direction of David J. Weber, MD, MPH) 
 
Animal bites may lead to costly healthcare utilization, such as emergency 
department (ED) visits, hospitalization, and rabies post-exposure prophylaxis.  Directed 
public health interventions may reduce the animal bite burden but require knowledge of 
current epidemiology.  Within the cohort of North Carolina (NC) residents from 2008-
2010, 38,971 incident animal bite-related visits were identified from statewide ED 
surveillance data.  Rates were calculated using census denominators.  ED visit and patient 
characteristics were examined.  By age 10, a NC child had a 1 in 50 risk of dog bite 
injury.  Although dog bite incidence among adults declined steeply with age, this trend 
was reversed for cat bites and scratches, which reached peak incidence among residents 
age >79 years.  For both dog bites and cat bites and scratches, secular incidence trends 
showed pronounced seasonal patterns which peaked in spring and early summer.  
Infection was diagnosed in 3% of dog bites and 17% of cat bites or scratches. 
Hospitalization occurred in 3% of animal bite visits. 
Risk factors for hospitalization after dog bite injury have not been examined 
quantitatively.  A case-cohort study of ED patients evaluated for dog bite injury from 
2000-2011 was conducted to examine the association between the following risk factors 
and hospitalization: infection, complicated injury, host defense abnormality, number of
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previous evaluations, and anatomic location of bite.  Cases (n=111) were more likely to 
be male, white, or insured by Medicaid than subcohort members (n=221).  Using logistic 
regression, all factors evaluated were associated with increased risk of hospitalization.  
However, infection was associated with the largest relative risk (odds ratio=7.8, 95% 
confidence interval 3.8, 16.0).  Having had ≥1 prior evaluation for the dog bite was 
associated with a lower risk of hospitalization for females than males and for whites than 
non-whites. 
In NC, dog bite prevention efforts should be directed toward children ≤14 years in 
early spring.  Older adults should be educated on avoidance of cat bites and scratches.  
The strongest risk for hospitalization was associated with infection at the time of ED visit 
for dog bite injury, highlighting the importance of proper wound care, patient counseling, 
and consideration of antibiotic prophylaxis at initial evaluation.  
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CHAPTER I 
BACKGROUND 
A. Overview 
Animal bites continue to be an important public health issue with potentially 
devastating consequences.  Substantial trauma, infection, rabies exposure, hospitalization, 
psychological effects, and, rarely, death may result from animal bites (1-5).  
Approximately 45% of children are bitten by a dog before they graduate from high school 
(6).  Nationally, an estimated 0.2% to 1.1% of emergency department (ED) visits are 
animal bite-related (7).   
Animal bite reports have been monitored by local health departments and animal 
control agencies for decades (1, 8).  However, the precise incidence of animal bites is 
difficult to obtain.  Methods for recording and storing animal bite data and the quality of 
that data vary significantly among municipalities.  North Carolina does not have a 
statewide system for reporting and surveillance of animal bites, and a national system for 
animal bite reporting does not exist.  Additionally, many animal bites are likely not 
reported to the appropriate agencies.  It has been estimated that only about 17% of dog 
bites are reported to medical or legal authorities (9). 
Despite these difficulties, several data sources have been used previously to 
describe the epidemiology of animal bites and estimate animal bite incidence in cities, 
states, and the nation.  These data sources include local and state health departments, 
animal control agencies, police departments, hospital discharge records, and emergency 
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department visit records.  In most instances, researchers focus on dog bites only.  The few 
studies that have included bites from animal species other than dogs use data that is now 
nearly 20 years old.  No published studies have described the epidemiology of animal 
bites using ED visit data from a statewide syndromic surveillance system. 
There are two likely reasons why the majority of animal bite-related studies 
include only dog bites.  Dog bites constitute the majority of reported bites and bites 
requiring medical care (10).  And, a specific International Classification of Diseases, 9th 
revision - Clinical Modification (ICD-9-CM) external cause of injury code (E-code) 
exists for dog bites, making identification of dog bite-related medical visits more 
straightforward than identification of medical visits for injury caused by other animal 
species (11).  E-codes for other animal species are typically grouped.  For example, ICD-
9-CM code E906.0 is “Dog bite”.  In contrast, ICD-9-CM code E906.3 is “Bite of other 
animal except arthropod”, including cats, rodents (except rats), moray eel, and shark.  
Nationally, approximately 2.5% of dog bite-related ED visits are hospitalized 
(12).  Several authors have described the distribution of patient and ED visit 
characteristics in populations hospitalized for dog bite-related injury (12-15).  However, 
no previous studies have examined the relationship between patient and injury 
characteristics and the risk of hospitalization after a dog bite-related ED visit.  Findings 
may assist physicians during patient assessment, impact treatment decisions, and reduce 
hospitalizations for dog bite injury.   
Chapter IV (Manuscript 1) describes the incidence and epidemiology of animal 
bite-related ED visits in North Carolina from 2008-2010 using North Carolina Disease 
Event Tracking and Epidemiologic Collection Tool (NC DETECT) ED visit data.  ICD-
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9-CM E-codes and Chief Compliant and Triage Notes data were used to identify animal 
bite-related ED visits.  For instances when the ICD-9-CM E-code was not specific for an 
animal species (e.g. E906.3), the Chief Complaint and Triage Notes data was used to 
identify the biting animal species.  Statewide, patient age-specific, patient sex-specific, 
biting species-specific, and patient residence rural and urban-specific incidences were 
determined.  Patient and ED visit characteristics were described.  Benefits of using NC 
DETECT ED visit data for animal bite research include the ability to conduct a statewide 
population-based animal bite-related ED visit incidence study and to describe patient and 
ED visit characteristics across the state using one, comprehensive data source. 
Chapter V (Manuscript 2) examines the relationship between risk factors and 
hospitalization after dog bite-related ED visit.  A case-cohort study was conducted using 
UNC Health Care medical records.  The cohort consisted of ED visits to the UNC Health 
Care ED between January 1, 2000 and December 31, 2011 with an ICD-9-CM E-code for 
dog bite (E906.1).  Cases were defined as cohort ED visits that met the above criteria and 
resulted in an inpatient admission to UNC Health Care directly from the ED.  A simple 
random sample from the cohort was selected as the subcohort.  Logistic regression 
models were used to describe the relationship between each of the following risk factors 
and hospitalization: anatomic location of the dog bite, presence of complicated injury, 
number of previous medical evaluations for the dog bite, presence of host defense 
abnormality, and presence of infection.  Effect measure modification (EMM) was 
examined by patient sex and race for the relationship between previous evaluation for the 
dog bite injury and hospitalization.   
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The following review provides a background and summary of the animal bite 
literature.  A comparison of animal bite incidence studies leads the discussion, followed 
by an explanation of the descriptive epidemiology of animal bites.  Risk factors for 
hospitalization after dog bite injury are then explored, paying particular attention to those 
risk factors examined in the case-cohort study.  Finally, the public health significance of 
the dissertation manuscripts is outlined.  
 
B. Animal bite incidence studies conducted in the United States 
Animal bite incidence rates differ by the biting animal species and the human 
population under study.  The review that follows includes findings from animal bite 
studies of multiple species and from dog bite only studies.  In the United States (US) and 
other developed nations, many aspects of animal bite and dog bite epidemiology are 
similar.  However, the focus of this review is on animal bite and dog bite incidence in the 
US.   
B.1 Incidence of reported dog bites in a city or county 
Multiple researchers have examined the incidence of reported dog bites in cities 
or counties in the US.  One of the earliest such studies was conducted in New York City 
from 1965 through 1970 (16).  Harris et al. discovered an increasing incidence of 
reported dog bites, from 353.3 per 100,000 persons in 1965 to 456.6 per 100,000 persons 
in 1970.  From a similar time period, Morton used dog bite report data from the Norfolk, 
Virginia Rabies Control Program to find 319 dog bites per 100,000 population in a 6 
month time period in 1971 (17).  Beck et al. examined the dog bite problem in St. Louis, 
Missouri in 1972-1973 (6).  Incidence rates were highest for children 5-9 years of age and 
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increased from 1972 to 1973.  In a 1989-1991 Milwaukee, Wisconsin study, Ndon et al. 
found an incidence of 171 reported dog bites per 100,000 persons per year and a 
geographic association between reported dog bites and poverty (18).  Chang et al. 
employed a capture-recapture approach to address the known difficulty of gaining 
accurate dog bite incidence information (19).  Using reports from multiple municipal and 
health providers in Pittsburgh, Pennsylvania in 1993, Chang et al. found a crude 
incidence of 21.4 dog bites per 10,000 persons and an adjusted 58.9 dog bites per 10,000 
persons.  Shuler et al. reported an incidence of 93 dog bites per 100,000 persons per year 
in one Oregon county in 2002-2003 (20).  Healthcare provider dog bite reports were used 
by Borud et al. to calculate an incidence of 0.85 dog bites per 1,000 persons per year in 
New York City in 1998 (21).  In that study, children 7-9 years of age had the highest 
incidence, and 18% of all reported dog bites were in children under 18 years old.  Finally, 
Tan et al. used capture-recapture methods to estimate the incidence of dog bites in 
children in three Georgia counties using multiple agency sources (22).  They estimated 
4.6 dog bites per 1,000 children per year and discovered that local hospital EDs are an 
especially useful source of dog bite data. 
B.2 Incidence of reported animal bites or exposures in a city or state  
Although most animal bite incidence studies have included only dog bites, some 
have examined incidence of all animal bites in a region without regard to biting animal 
species.  One of the first such studies was by R. Moore et al. in 1971-1972 (23).  Animal 
bite records from 12 states, plus Washington D.C., Trenton, New Jersey, and the 
Manhattan borough of New York City were compiled.  Incidence ranged from 20 animal 
bites per 100,000 persons per year to 927 animal bites per 100,000 persons per year, 
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depending on the region and the year.  In a more geographically defined study, Berzon et 
al. examined the animal bite epidemic in Baltimore, Maryland between 1970 and 1976 
and found an incidence of 579 to 791 animal bites per 100,000 persons per year (24).    
More recently, the epidemiology of reported animal bites in Indiana from 1990-
1992 was described by Sinclair et al (3).  Age and sex-specific incidence rates ranged 
from 38 reported animal bites per 100,000 persons per year for females >60 years of age 
to 360 reported animal bites per 100,000 persons per year for males aged 5-9 years.  D. 
Moore and colleagues described reported animal exposures in 65 of 67 Pennsylvania 
counties in 1995 (8).  Animal exposures included any potential rabies exposure or animal 
exposure leading to medical follow-up.  The overall incidence of animal exposures was 
137.2 exposures per 100,000 persons per year, while dog exposure incidence was 104 per 
100,000 persons per year and cat exposure incidence was 23.6 per 100,000 persons per 
year.  Children under 5 years of age had the highest incidence with 324.9 animal bites per 
100,000 persons per year.   
A 1985 study examining reported cat bites in Dallas, Texas found that the 
incidence of cat bites was highest in 25-34 year-olds (8.9 cat bites per 10,000 persons per 
year) and lowest in 18-24 year-olds (4.5 cat bites per 10,000 persons per year) (25).  
Approximately 60% of the cat bite victims in that study were females.  
B.3 Incidence of self-reported dog bites   
It is believed that many animal bites are not reported to authorities (9).  In an 
attempt to better quantify the true number of animal bites, some researchers have 
performed telephone surveys to obtain information about unreported bites.  Sacks et al. 
used the Centers for Disease Control and Prevention’s (CDC’s) 1994 Injury Control and 
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Risk Survey (ICARIS) to derive a national 5 month-incidence estimate of 18 dog bites 
per 1,000 persons and 3 dog bites requiring medical attention per 1,000 persons (26).  A 
follow-up 2001-2003 ICARIS-2 study found an overall incidence of 15.8 dog bites per 
1,000 persons and 3.1 dog bites requiring medical attention per 1,000 persons over the 3 
year period (27).  
B.4 Incidence of animal bites treated in hospitals and emergency departments 
The first national study of dog bite-related ED visits was by Weiss and colleagues 
in 1996 (7).  Using 1992-1994 National Hospital Ambulatory Medical Care Survey 
(NHAMCS) data, the authors estimated that 12.9 dog bite injuries per 10,000 persons per 
year were treated in United States EDs and that approximately 0.4% of all ED visits were 
due to dog bite injuries.  Using 1994 data from the national Health Care Utilization 
Project (HCUP) database, Quinlan et al. reported that hospitalizations from dog bites 
ranged from 1.2 per 100,000 persons for 15-19 year olds and 5 per 100,000 persons for 0-
4 year olds (28).  More recently, 2008 HCUP data was used to estimate a national 
incidence of 103.9 ED visits for dog bite injuries per 100,000 persons per year and 3.1 
hospitalizations for dog bite injuries per 100,000 persons per year (12).  Holmquist et al. 
showed that, nationally, 2.5% of ED dog bite injury visits were hospitalized.  One 
national study examined nonfatal dog bite-related injuries in EDs in 2001 using the 
National Electronic Injury Surveillance System-All Injury Program (NEISS-AIP) (29).  
Gilchrist and CDC colleagues reported an estimated incidence of 129.3 nonfatal, ED-
treated dog bite injuries per 100,000 persons per year.  Approximately 1.8% of ED visits 
for non-fatal dog bite-related injuries were hospitalized.  The most recent national study 
examining nonfatal dog bite-related injuries in EDs used NEISS-AIP data for the time 
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period 2005-2009 (30).  Quirk reported an average annual rate of 107.2 nonfatal, ED-
treated dog bite injuries per 100,000 persons.  An estimated 2.0% of such ED visits were 
hospitalized.   
Several statewide studies and one citywide study have utilized hospital discharge 
data to examine the incidence of dog bite injuries.  In their 1998-2005 Minnesota study of 
hospital discharge data, Day et al. found an incidence of 62.4 dog bite-related ED visits 
per 100,000 persons per year during that time period (31).  Another statewide study of 
dog bite injuries was performed by Feldman et al. in California using 1991-1998 hospital 
discharge data (14).  In this report, the authors published an incidence of 2.6 dog bite-
related hospitalizations per 100,000 persons per year.  A 1991-1992 Alaskan study 
utilized data from the state’s trauma registry and found that 3.8 hospitalizations from dog 
bites occurred per 100,000 population per year (13).  A 1998-2002 Kansas City, Missouri 
study reported an incidence of 157 dog bite-related ED visits per 100,000 persons per 
year and 4.3 dog bite-related hospitalizations per 100,000 persons per year during that 
time period (15).   
ED surveillance data was used in one study to examine the incidence of dog bites, 
cat bites, and other animal bites in New York City from 2003-2006 (32).  Inclusion 
criteria for the study included any ED visit record with the word “bite” and a 
recognizable mammalian animal or the word “animal” in the patient’s chief complaint.  
The average annual rates were 56.2 dog bite-related ED visits per 100,000 persons, 10.2 
cat bite-related ED visits per 100,000 persons, and 5.1 rat and mouse bite visits per 
100,000 persons.  The average annual rates of other animal bite-related ED visits, 
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including unidentified animals, ranged from 2.8 per 100,000 persons for females ≥65 
years of age to 7.9 per 100,000 persons for males 2-4 years of age.    
 
C. Descriptive epidemiology of animal bites in the United States 
C.1 Biting animal species 
Several animal bite studies have discussed the distribution of biting animal 
species.  In a study of animal exposures presenting to 11 university-affiliated urban EDs 
between 1996 and 1998, 80% of visits were due to dog exposures, 13% were due to cat 
exposures, and the remaining were due to various small mammals, livestock, and wildlife 
(10).  Similarly, Sinclair et al. found that 78% of reported animal bites in Indiana in 
1990-1992 were dog bites, 16% were cat bites, and the remaining 6% were from other 
species (3).  D. Moore’s 1995 Pennsylvania study of reported animal exposures found 
that 75% were due to dogs, 17.2% due to cats, 1.3% due to rodents, 1% due to squirrels 
and chipmunks, and <1% due to other species (8).  A 1989-1991 Milwaukee, Wisconsin 
study found that 83% of reported animal bites were dog-related, 16% were cat-related, 
and the remaining 1% were related to other species (18).  O’Neil and colleagues’ 2001-
2004 national study reported the epidemiology of non-canine bite and sting injuries in US 
EDs (33).  Although the majority of these visits were for insect, bee and spider bites, 
7.3% of these visits were from cat bites.  A 2003-2006 ED surveillance data study in New 
York City found that of the animal bite-related ED visits included the study, 73.5% were 
dog bites, 13.3% were cat bites, 6.6% were rat or mouse bites, and 6.6% were other 
animal bites (32).   
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C.2 Age and sex of animal bite victim 
The incidence of reported animal bites is consistently highest for children ≤14 
years of age, especially for those ≤9 years old (3, 8).  In Indiana from 1990-1992, 5-9 
year olds had a reported animal bite incidence of 613 bites per 100,000 persons per year, 
more than any other age group in the study (3).  Using reported animal exposures in 60 
Pennsylvania counties in 1995. D. Moore et al. found that children <5 years of age had 
the highest incidence of any age group, 324.9 animal exposures per 100,000 persons per 
year (8).  Alternatively, there were 137.2 reported animal exposures per 100,000 persons 
per year for the overall Pennsylvania population.  Similar findings have been described in 
studies of reported dog bites.  Approximately 44% of all reported dog bites in 
Milwaukee, Wisconsin from 1989-1991 were in children ≤14 years (18).   
Emergency department visits for dog bites have a similar distribution among age 
groups as reported animal bites.  A national study of 2008 hospital discharge data found 
that 5-9 year-olds had an incidence of 199.3 dog bite-related ED visits per 100,000 
persons and those <5 years had an incidence of 175.0 dog bite-related ED visits per 
100,000 persons (12).  Subsequently, children <10 years of age had the highest incidence 
rates.  This is in contrast with the overall national incidence of 103.9 dog bite-related ED 
visits per 100,000 persons in 2008.  Weiss et al., Gilchrist et al, and Quirk found that 
children 5-9 years old had the highest incidence of dog bite-related ED visits, with 
Gilchrist et al. reporting 278.2 dog bite-related ED visits per 100,000 persons per year 
and Quirk reporting 214.5 per 100,000 persons per year (7, 29, 30).  Similarly, Bregman 
et al. found that in New York City children 5-12 years had the highest incidence of dog 
bite-related ED visits (97.1 per 100,000 persons per year) (32).  
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Compared to females, males have a higher incidence of reported animal bites, 
reported dog bites, and dog bite-related ED visits (3, 8, 15, 30, 32).  Sinclair et al. found 
that the overall incidence of reported animal bites in Indiana from 1990-1992 was higher 
for males than for females, other than the 41-60 year age group which had similar 
incidence rates for males and females (3).  In Shuler et al.’s 2002-2003 study of reported 
dog bites in one Oregon county, males had a higher incidence than females (20).  The 
incidence of ED visits for dog bite-related injuries was also higher in males than in 
females in 3 national studies (12, 29, 30) and 1 citywide study (32).   
Several studies have examined bites from other specific animal species, finding 
slightly different epidemiology than that of aggregated animal bites or dog bites only.  
The occurrence of cat bite or scratch injuries has consistently been highest in adult 
females (10, 25, 32, 33).   Wright’s 1985 study of reported cat bites or scratches in 
Dallas, Texas, found an incidence of 8.9 cat bites per 10,000 persons per year for 25-34 
year olds, the age group most affected (25).  Fifty-nine percent of reported cat bites or 
scratches occurred in females.  Bregman et al. reported the highest incidence of cat bite-
related ED visits in females aged 40-64 years (18.0 per 100,000 persons per year) (32).  
Females were more likely than males to incur injuries or exposures requiring medical 
attention from gerbils, hamsters, and rabbits in Steele et al.’s study of 11 urban EDs (10).  
Approximately 80% of non-dog and non-cat injuries and exposures were in adults.  
However, children were 3 times more likely than adults to have injury from gerbils, 
hamsters, and rabbits.  In Bregman et al.’s study in New York City, rates of rat and 
mouse bites were similar in males and females except for the 2-4 year-old age group, in 
which the rate was twice as high in males as in females (32).   
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C.3 Anatomic location of animal bite injuries 
The types of injuries inflicted by animal bites can vary greatly and depend on the 
biting species, anatomic location of the bite, and the significance of the bite (1, 34).  
Wounds may include minor scratches and abrasions, puncture wounds, vascular and 
nerve damage, limb amputation, and other disfigurement (1).  Although rare, death may 
occur with severe injury (2).  Children are especially at risk for severe injury.  
The literature describing anatomic location of bites or animal exposure wounds 
mainly includes dog bites and cat bites or scratches.  When considering victims of all 
ages, 40-47% of dog-inflicted wounds occur to the arm or hand (8, 10, 18, 29); 19-29% 
are to the head, neck, or face (7, 8, 10, 18, 29); and 24-35% are to the leg or foot (10, 18, 
29).  The remaining percentage of dog bite injuries occur to other anatomic locations.  
Bites or scratches occur to the arm and hand in 72-90% of cat-inflicted bite or scratch 
injuries (8, 10, 25).  
Children <10 years old are more likely than other age groups to incur head, neck, 
or face wounds as a result of bite or exposure from any animal species.  This injury 
pattern reflects the fact that young children are usually at or below face level of an animal 
and are, therefore, more prone to facial injuries (35).  Injuries to the face, neck, and head 
may also be more serious than injuries to other anatomic locations (36, 37).  Dog bites to 
children <10 years of age occur to the face, neck, or head in 65-73% of cases (7, 29).  
Injury to the face, neck, or multiple anatomic locations occurs in 33% of cat bite cases in 
children <5 years of age (25).   
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C.4 Circumstances of animal bite and relationship of animal to victim  
Several dog bite studies have examined the circumstances of the bite and the 
relationship of the dog to the victim (9, 10, 38, 39).  Two manuscripts identified the 
relationships between cat and human victim for reported cat bites or scratches (8, 25).  
No studies could be found describing the circumstances of bites from other animal 
species. 
In a Pennsylvania study, owned dogs were responsible for 92.6% of dog 
exposures reported to animal control authorities and owned cats were responsible for 
62% of reported cat exposures (8).  A study of reported dog bites in Milwaukee, 
Wisconsin found that owned dogs were responsible for approximately 50% of reported 
dog bites (18).  The most frequently reported circumstance of animal bite injury in 
Balsamo et al.’s Louisiana study of reported animal bites was children playing with 
familiar animals (40).  Shuler et al.’s study of an Oregon county found that 36% of 
victims reporting a dog bite did not know the dog that bit them (20).  However, among 
children <5 years of age who were dog bite victims, 46% were bitten by the family dog.  
The only study examining cat bites and scratches exclusively showed that 57% of 
reported cat bites were due to stray cats (25). 
Weiss et al. estimated that 58% of dog bite injuries examined in the nation’s EDs 
occurred at the patient’s home (7).  Research using Minnesota hospital discharge data 
indicated that 96% of dog bites in children <1 year of age occurred when the child was 
approaching, provoking, or teasing the dog (31).  Using data gathered at animal bite-
related ED visits, Steele et al. found that when children were bitten by a dog, it was often 
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while petting, playing with, or feeding the dog (10).  This is in contrast to adults, who 
were more commonly bitten by dogs while breaking up a “dog fight”.   
C.5 Seasonality of animal bites 
Animal bites, specifically dog bites, appear to have seasonality, as multiple 
studies have found an increased incidence during the summer months (3, 7, 18, 20, 21, 
25, 29, 32).  This may be attributed to increased outdoor activity of humans, especially 
children, and animals during warmer weather.  Ndon et al. found that 67% of dog bites in 
Milwaukee, Wisconsin occurred between April and September (18).  In New York City 
and nationally, peaks of dog bite activity were shown to occur in June and July (21, 29).  
Reported cat bites and scratches were more frequent during summer months in Dallas, 
Texas in 1985 (25). 
C.6 Animal bite wound infections  
Due to differences in oral flora and dentition, the potential for infection of an 
animal bite wound varies between species (34, 41).  Infection is typically caused by the 
biting animal’s oral bacteria.  However, environmental pathogens, or commensal or 
pathogenic bacteria on human skin and mucous membranes may also cause animal bite 
wound infections.  Previous reports have indicated that 1%-30% of dog bites and 29%-
50% of cat bites become infected (41-44).  This differing infection risk is likely related to 
the deep puncture wounds resulting from most cat bites.  Such wounds are difficult to 
clean and provide a favorable environment for anaerobic bacterial growth.  Another 
factor associated with the differing infection risk between dog and cat bites is the 
differing oral flora of dogs and cats.  Infectious agents most commonly isolated from 
infected dog bites include Pasteurella canis, Pasteurella multocida, Staphylococcus 
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species (spp.), Streptococcus spp., Fusobacterium spp., Bacteroides spp., and 
Capnocytophaga canimorsus (5, 41, 44, 45).  The most common bacterial pathogen 
isolated from infected cat bites is Pasteurella multocida.  Other common pathogens of cat 
bites include Staphylococcus spp., Streptococcus spp., Fusobacterium spp., Bacteroides 
spp., Porphyromonas spp., and Moraxella spp. Mixed aerobic and anaerobic infection is 
found in over 50% of infected dog and cat bite wounds.   
C.7 Geography, socioeconomic factors, and animal bites 
Several authors have included information about patient residence in studies of 
reported animal bites and dog bite-related ED visits or hospitalizations.  In a study of 
reported animal bites in Indiana, Sinclair et al. found that residents of urban counties 
were more likely to have reported an animal bite than residents of less populated 
metropolitan or rural counties (3).  In contrast, a Pennsylvania study showed a higher 
incidence of reported animal bites or exposures in less populated areas (8).  Holmquist’s 
national study of ED discharge data found that there were 4 times as many dog bite-
related ED visits in rural areas as in urban areas (12).   
Socioeconomic factors may also be associated with the occurrence of animal 
bites, specifically dog bites.  Ndon et al.’s Milwaukee, Wisconsin study of reported dog 
bites found a positive correlation between the number of dog bites reported and the 
percentage of households below the poverty level in census tracts (18).  In a Minnesota 
study of hospital discharge records, including ED and inpatient data, authors showed that 
the rates of hospital-treated dog bites were inversely proportional to the median income 
of communities where individuals resided (31).  An Oregon study found that dogs living 
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in census blocks with incomes below the county median were 50% more likely to be 
reported as a biting dog (20). 
 
D. Characteristics of patients hospitalized after dog bite injury  
Approximately 2.5% of all ED visits for dog bite are admitted to the hospital (7).  
Characteristics of these hospitalized patients and the potential determinants of their 
hospitalization have been described.  Several authors have hypothesized that children and 
the elderly may be at increased risk of hospitalization after dog bite (12, 13, 15, 28).  
Children <5 years of age typically have the highest dog bite-related hospitalization rates 
of any age group, ranging from 4 hospitalizations per 100,000 persons per year in one 
national study to 15.1 hospitalizations per 100,000 persons per year in an Alaskan study 
(13, 28).  Children 5-9 years of age usually have the second-highest incidence of 
hospitalization from dog bite injury.  The incidence of dog bite-related hospitalization 
declines fairly steadily with age until 65 years-of-age, beyond which the incidence 
increases. 
A few studies have examined ED visits and hospitalizations for dog bite injury in 
children only.  In their 1979 review of ED visits for dog bite at one Chicago, Illinois 
children’s hospital, Chun et al. reported that 11 of 199 (6%) dog bite ED patients were 
admitted to the hospital (46).  A similar study in 1997 at a Pittsburgh, Pennsylvania 
children’s ED reported that 188 of 204 (95%) of patients presenting for dog bite were 
discharged but did not further describe the proportion that were admitted (38).  Daniels et 
al. examined 1999-2006 discharge data from a large health system in Indianapolis, 
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Indiana and found that of 1,347 pediatric dog bite-related injury visits, 66 (5%) were 
hospitalized as inpatients and 56 (4%) were hospitalized as 23 hour observation (47). 
Although males seek ED treatment for dog bite-related injuries with a higher 
frequency than females, males and females generally have a similar incidence of 
hospitalization after dog bite (12).  In Holmquist el al.’s 2008 national study, there were 
3.1 hospitalizations per 100,000 persons for both males and females.  A Kansas City, 
Missouri study found males had 4.4 dog bite-related hospitalizations per 100,000 persons 
while females had a similar incidence of 4.3 dog bite-related hospitalizations per 100,000 
persons per year (15). 
Few published reports of dog bite-related hospitalizations include information on 
race and/or ethnicity.  Hoff et al. reported that although the percentages of dog bite-
related ED visits were approximately the same for whites and blacks, the incidence of 
hospital admittance was higher for whites (15).  Feldman et al.’s study using statewide 
hospital discharge data for California found that the incidence of dog bite-related 
hospitalizations was similar for whites and blacks (3.0 and 3.1 hospitalizations per 
100,000 persons per year, respectively) but less for Hispanics (2.3 hospitalizations per 
100,000 persons per year) (14). 
Several previous studies of hospitalization after dog bite have included 
information on urban versus rural status of patient residence or median income of 
patient’s community.  Holmquist et al. reported that, nationally, patients who lived in 
rural areas had an incidence of 2.9 dog bite-related hospitalizations per 100,000 persons 
in 2008 while patients living in urban areas had an incidence of 0.9 dog bite-related 
hospitalizations per 100,000 persons that same year (12).  Day et al.’s study of dog bites 
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in Minnesota found that rates of hospital-treated dog bite injuries were inversely 
proportional to the median income of the individuals’ communities (31).  Neither study 
addressed the distinction between patient residence and the geographic location where the 
bite occurred.   
Few authors have described the medical bill payer of dog bite-related 
hospitalizations.  Holmquist et al. looked at the prevalence of payer options nationally in 
their 2008 dog bite-related hospitalization study and found that private insurance was the 
primary payer for 42.9% of dog bite-related hospital stays (12).   
 
E. Potential determinants of hospitalization after dog bite 
Potential determinants of hospitalization after dog bite include infection, previous 
evaluations for the dog bite, anatomic location of the bite, complicated injury, and host 
defense abnormalities.  Some of these potential determinants have been described in 
populations hospitalized after dog bite injury (12, 14, 15) and in the clinical literature as 
indicators for hospitalization after dog bite (44, 48).  However, quantitative methods have 
not been used previously to examine the relationships between these determinants and the 
risk of hospitalization after a dog bite injury.  A better understanding of risk factors for 
hospitalization may reduce dog bite-related hospitalizations and improve patient 
outcomes. 
E.1 Infection and previous treatment for the dog bite injury 
Previous reports have indicated that 1%-30% of dog bites become infected (41, 
43, 44).  A mix of aerobic and anaerobic bacteria both from the patient’s skin and the 
biting dog’s mouth can be cultured from most bite infections (41, 44, 45).  Pasteurella 
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spp. is the most common pathogen isolated from infected dog bites, specifically 
Pasteurella canis (41, 44, 45, 49).  Other common dog bite wound pathogens include 
Pasteurella multocida, Staphylococcus spp., Streptococcus spp., Fusobacterium spp., 
Bacteroides spp., and Capnocytophaga canimorsus (5).  Methicillin-resistant 
Staphylococcus aureus (MRSA) and other antibiotic resistant bacteria may also be 
transmitted via dog bite (45, 50). 
Most dog bite infections are limited to the soft tissue.  The presence of local soft 
tissue infection was described by principal ICD-9-CM diagnosis codes for hospital stays 
in several dog bite studies (12, 14, 15).  Cellulitis and abscess were the principal 
diagnoses in the majority of hospitalizations in two studies (12, 15).  Hoff et al. reported 
57% of primary diagnoses were cellulitis or abscess, while Holmquist et al. indicated that 
43.2% of primary diagnoses were skin and subcutaneous tissue infections.  Feldman et al. 
reported 20.1% of primary diagnoses were for cellulitis and abscess.  
Dog bite injuries may also result in more complicated infections, such as 
osteomyelitis, septic arthritis, tenosynovitis, and subcutaneous abscess (45, 51).  
Depending on microbial and patient characteristics, systemic infection and septicemia 
can also occur.  Capnocytophaga canimorsus infection is often associated with severe 
septicemia, especially in immunocompromised individuals and chronic alcohol users, and 
has a case fatality rate as high as 28% (5, 34, 44, 45, 52). 
Laboratory confirmation of infection includes aerobic and anaerobic wound 
culture, ideally collected prior to wound manipulation and antibiotic administration (44, 
45).   Antibiotic susceptibility testing of bacteria grown in culture may assist clinicians in 
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treatment planning.  Blood culture may be performed for confirmation of systemic 
infection.   
Certain bite characteristics and patient factors may predispose dog bite injuries to 
infection.  Dire et al. concluded that deep full-thickness wounds, wounds with crushed or 
devitalized tissue that require debridement, patient age >50 years, and female gender 
were risk factors for infection (43).  Other authors have suggested additional risk factors, 
including patient age <2 years; presence of immunocompromising and comorbid 
conditions; contaminated wounds; wounds to the hand, wrist, or foot; complicated injury 
of bone, joint, tendon, or neurovascular structure; and delayed treatment (>24 hours since 
injury) (41, 44, 53, 54). 
Treatment of a clinically infected dog bite requires administration of appropriate 
oral and/or intravenous antibiotics chosen empirically or, ideally, with the assistance of 
culture and susceptibility results.  Controversy exists regarding the use of prophylactic 
antibiotics for uninfected dog bite wounds (44, 45).  However, most authors agree that 
prophylactic oral antibiotic therapy for low risk wounds provides little advantage over 
thorough wound irrigation (53-57).  Low risk wounds include those that are superficial, 
easily cleansed, and <8 hours old.    
Prophylactic antibiotic therapy should be considered for high risk wounds, such as 
complicated or contaminated wounds and wounds to the extremities, as well as wounds 
undergoing primary closure (44, 45).  Effective empirical therapy should provide 
microbial coverage against Pasteurella spp., Staphylococcus spp., Streptococcus spp., 
and Capnocytophaga canimorsus.  Amoxicillin-clavulanic acid, second-generation 
cephalosporins with anaerobic activity (e.g. cefoxitin), and third generation 
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cephalosporins (e.g. ceftriaxone) are suitable single agents.  For patients with penicillin 
allergy, clindamycin and a fluoroquinolone (e.g. levofloxacin) or doxycycline alone are 
acceptable for prophylaxis (44, 45).  The typical duration of therapy is from 7 to 14 days 
but may vary depending on the severity of the bite, complications, and patient 
comorbidities (44). 
Hospitalization for dog bite injury may be related to suboptimal antimicrobial 
therapy at preceding medical consultations (58).  The use of first generation 
cephalosporins (e.g. cephalexin), erythromycin, or clindamycin alone should be avoided, 
as these agents provide poor coverage against Pasteurella spp.  Despite appropriate 
antimicrobial regimens, some dog bites will become infected and require hospitalization 
for intravenous antibiotic administration and/or surgical debridement (59).  
E.2 Anatomic location of the dog bite and complicated injury 
 Anatomic location of dog bite injury varies by patient age group.  When 
considering victims of all ages, 40-47% of dog-inflicted wounds occur to the arm or hand 
(8, 10, 18, 29); 19-29% are to the head, neck, or face (7, 8, 10, 18, 29); and 24-35% are to 
the leg or foot (10, 18, 29).  Alternatively, dog bites to children <10 years occur to the 
face, neck, or head in 65-73% of cases (7, 29).  
In several studies of patients hospitalized for dog bite injury, anatomic location of 
the bite is described by principal ICD-9-CM diagnosis code.  Feldman et al.’s 1991-1998 
California study of patients hospitalized from dog bite injury found that 74% of children 
<10 years of age incurred wounds to the head and face compared with only 10% of those 
≥10 years of age (14).  However, only 18% of children <10 years of age had documented 
injury to the forearm, hand, or finger, compared to 71% of patients ≥10 years of age.  In a 
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national study of 2008 hospital discharge data, Holmquist et al. reported that, across all 
age groups, open wounds of the extremities were more frequent than open wounds of the 
head, neck, or trunk (12).  
Injuries to the face, neck, and head may be more severe than injuries to other 
anatomic locations (36, 37).  This is especially true in children.  Facial dog bites may 
result in lacerations or avulsions of ocular adnexa, lips, ears, or nose.  Significant 
vascular, tracheal, esophageal, or spinal cord injury can occur from bites to the neck (36, 
60).  Dog bite injury to the head may result in skull fractures, blunt head trauma and 
intracranial pathology.  Severe, complicated injuries to the face, neck, or head typically 
require surgical repair under general anesthesia and may be at increased risk for infection 
(61).  
Extremities, especially the hand, wrist, and forearm, are particularly vulnerable to 
complicated injury and infection.  These anatomic structures consist of multiple small 
bones, joints, nerves, and enclosed compartments (45).  Dog bite injury to the hand, wrist 
and forearm may result in fractures; nerve, tendon, or vascular damage; or infection, such 
as septic arthritis, tenosynovitis, compartment syndrome, or osteomyelitis (44, 45).  
These complicated injuries often require surgical debridement, hospitalization, and 
significant follow-up care (62).       
E.3 Host defense abnormalities and dog bites 
 Host defense abnormalities are conditions in which the normal immune response 
is disrupted in some way.  Certain comorbid conditions, including diabetes mellitus, 
human immunodeficiency virus (HIV) infection, liver disease, renal disease, or cancer, 
may result in host defense abnormalities or immunodeficiencies.  Other patient 
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characteristics, such as asplenia or use of immunosuppressive medication(s), may also 
jeopardize the host immune response.   
 Comorbid conditions differ in their affect on the host immune system.  In both 
Type I and II diabetics, cell-mediated immunity is most disrupted, with abnormalities to 
neutrophils, monocytes, and lymphocytes (63).  HIV-related immunodeficiency involves 
a depletion of CD4 T cells and eventual impairment of every arm of the immune system 
(64).  Patients with chronic liver disease, such as cirrhosis, typically have defects to both 
cell-mediated and humoral immunity and compliment deficiency may be present (65).  
Chronic renal disease and uremia often result in a state of cellular activation and chronic 
inflammation with reduced phagocytosis and natural killer cell activity (64, 66).  
Corticosteroid use inhibits phagocytosis and intracellular killing of bacteria and causes 
lymphocytopenia and decreased production of inflammatory cytokines (67).  Although 
the method of host defense impairment may differ, each results in a disrupted immune 
response and increased susceptibility to local and systemic infection.    
Some comorbid conditions have been associated with age and race.  For example, 
age ≥45 years and non-white race are risk factors for Type II diabetes.  Individuals with a 
history of diabetes, hypertension, or cardiovascular disease, all conditions associated with 
advancing age, are at increased risk for chronic renal disease (68).  Therefore, these 
factors should also be considered when evaluating the relationship between host defense 
abnormalities and hospitalization from dog bite. 
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F. Summary and Public Health Significance 
Animal bite injuries continue to be a major public health concern in the US.  
However, accurate incidence of animal bites is difficult to determine due to several 
factors, including the lack of a national reporting system and variations in bite report 
documentation by municipality.  Currently available incidence data includes information 
on dog bites only or is based on data that is nearly 20 years old.   
NC DETECT is a unique public health surveillance system that collects ED visit 
data from 113 of 114 acute care hospitals in North Carolina (69).  The use of this data 
source to study the incidence of animal bites in North Carolina is novel.  No published 
studies have used a statewide syndromic surveillance system of ED visit data to 
determine age-specific, sex-specific, biting animal species-specific, and patient residence 
rural and urban-specific incidence rates.  A statewide examination of the animal bite 
burden in North Carolina has not been previously published.  Additionally, NC DETECT 
ED visit data provide information on patient demographics and ED visit characteristics 
which have not been explored in previous animal bite studies.  In contrast to the existing 
literature, this dissertation provides current information on animal bite epidemiology by 
using data from 2008-2010.  Current, statewide animal bite incidence data is useful for 
public health practitioners in North Carolina.  Populations with increased incidence of 
animal bite-related ED visits may be identified, allowing for targeted public health 
interventions.   
Approximately 9,500 dog bite-related hospitalizations occurred nationally in 2008 
(12).  Descriptive epidemiologic studies of patients with a dog bite-related hospitalization 
have been published.  However, no previous studies have examined risk factors for 
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hospitalization after dog bite injury.  A quantitative examination of risk factors for 
hospitalization after a dog bite injury provides valuable insight for physicians as they 
assess and treat patients with such injuries.   
  
 
CHAPTER II 
SPECIFIC AIMS 
Animals are an integral part of the lives of many Americans.  An estimated 39% 
of US households own at least one dog and 33% own at least one cat (70).  As suburban 
sprawl continues, humans are increasingly placed in contact with wildlife.  Many 
occupations and certain hobbies also put individuals at elevated risk for injury from 
animals.  With numerous potential exposures, animal bites continue to be a major public 
health concern and a burden on the healthcare system (1).   
Consequences of animal bites include trauma, pain, infection, possible rabies 
exposure, and, rarely, death.  Animal bites may lead to costly healthcare utilization, such 
as ED visits, hospitalization, and rabies post-exposure prophylaxis (PEP) (1, 9, 12).  In 
the US, the cost of care for upper extremity dog and cat bites alone is estimated at >$850 
million per year (62).  Unintentional dog bite injuries are associated with an estimated 
average lifetime medical cost, including treatment and rehabilitation, of >$630 for a treat 
and release ED visit and >$18,000 for hospitalization (12, 71).  The aggregated cost of 
dog bite-related hospitalizations in the US is approximately $53.9 million per year.   
Animal bites are largely preventable injuries.  Directed public health interventions 
may reduce the animal bite burden but require knowledge of current animal bite 
epidemiology.  Incidence rates of dog bites are available but not routinely compiled (7, 
29, 30).  The most recent published rates of all animal bites for a population larger than 
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a single city are from the early to mid-1990s and now outdated (3, 8).  These studies 
examined animal bite and saliva exposures reported to local or state health departments.  
However, many animal bites are not reported to the appropriate agencies (6, 9).  
Therefore, ED visit data provide an alternative and, in some ways, superior means of 
examining the animal bite burden (32, 72). 
Previous national estimates indicate that 0.2% to 1.1% of all ED visits are due to 
animal bites (7).  Approximately 80% of bites are from dogs, while about 15% are from 
cats (10).  Bites from other mammals, including rodents, livestock, and wildlife, are 
reported infrequently in the ED.  National incidence rates ranging from 103 ED visits for 
dog bites per 100,000 persons per year to 129 ED visits for dog bites per 100,000 persons 
per year have been published (7, 12, 29).  
Prior studies have used the ICD-9-CM E-code, E906.0, to identify ED visits for 
dog bite (7, 12, 15, 29-31).  However, no previous studies have used additional E-codes 
to identify ED visits for other animal bites and a keyword search of ED visit Chief 
Complaints and Triage Notes to identify additional animal bite-related ED visits not 
assigned a bite-related E-code.  The additional E-codes, Chief Complaints, and Triage 
Notes provide more accurate incidence rates and, for the first time on a statewide level, 
biting species-specific ED visit incidence rates.  Additionally, this dissertation provides 
an example of the use of comprehensive, statewide ED syndromic surveillance data for 
determination of animal bite incidence rates and description of ED visit characteristics 
and patient attributes.   
ED visit data collected through NC DETECT were used to examine and describe 
the burden of animal bites in North Carolina.  NC DETECT is a statewide syndromic 
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surveillance system created in 2004 by the North Carolina Division of Public Health (NC 
DPH) in collaboration with the Carolina Center for Health Informatics at the University 
of North Carolina, Department of Emergency Medicine.  Currently, more than 99% (113 
of 114) of acute care hospitals in North Carolina submit ED visit data daily to NC 
DETECT, including Chief Complaints, Triage Notes, and up to 11 ICD-9-CM final 
diagnosis codes or E-codes.  In 2008, NC DETECT received data on approximately 4 
million patient visits, about 99% of visits made to North Carolina EDs.   
 Incident animal bite-related visits were identified from statewide ED surveillance 
data by ICD-9-CM E-codes and Chief Complaint and Triage Note keyword searches for 
the time period January 1, 2008 through December 31, 2010.  Incidence rates of animal 
bite-related ED visits were calculated using person-time denominators from US Census 
Bureau North Carolina population estimates (73).  A cross-sectional analysis of incident 
animal bite-related ED visits was performed to examine ED visit and patient 
characteristics, including mode of transport to the ED, visit month, payment method, 
administration of rabies PEP, patient sex, patient age, anatomic location of bite(s), ED 
disposition, biting animal species, and urban versus rural patient residence.   
Nationally, approximately 2.5% of all emergency department visits for dog bite 
are admitted to the hospital (12).  The majority of these admitted patients require 
intravenous antibiotics and/or surgical repair of wounds.  Dog bite-related 
hospitalizations are associated with a greater cost than hospitalizations from other type of 
injuries.  This is despite the fact that dog bite related hospitalizations are typically shorter 
in duration by 2 days than other injury-related inpatient stays.  
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Guidelines for hospital admission after dog bite injury typically recommend 
consideration of the patient’s age, as well as other characteristics, including comorbid 
conditions, systemic or severe local infection, anatomic location of the bite, and presence 
of complicated or severe injury (44).  Comorbid conditions, such as diabetes mellitus or 
HIV infection, may impair healing or increase the risk for infection (44, 48).  Patients 
with dog bites resulting in severe local infection or in systemic infection are frequently 
candidates for inpatient intravenous antibiotic administration (41, 44).  The most 
common anatomic locations of dog bite wounds in hospitalized patients include the head 
and extremities.  Complicated wounds that involve injury to bone, joint, or tendon may 
require surgical intervention and inpatient care. 
Risk factors for hospitalization after a dog bite injury have not been examined 
quantitatively.  A comprehensive understanding of patient and injury characteristics that 
result in an increased risk for hospitalization after a dog bite injury may reduce 
hospitalizations and improve patient outcomes.  Findings may assist physicians during 
patient assessment and impact treatment decisions. 
A case-cohort study was conducted to further explore the relationship between the 
following risk factors and hospitalization after a dog bite-related ED visit: presence of 
infection, complicated injury, host defense abnormalities, number of previous evaluations 
for the injury, and anatomic location of the bite.  A medical record review was conducted 
at UNC Health Care, a large, integrated, teaching hospital (806 licensed beds) in North 
Carolina (74).  The cohort consisted of patients seen at the UNC Health Care ED between 
January 1, 2000 and December 31, 2011 with ICD-9-CM E-code for dog bite (E906.1).  
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Cases were defined as cohort members who were admitted to UNC Health Care directly 
from the ED.  From the cohort, a simple random sample was selected as the subcohort.  
 
With this dissertation, the following hypotheses are tested: 
 
Hypotheses for Manuscript 1:  
The incidence of dog bite-related ED visits for patients with urban residence is greater 
than the incidence for patients with rural residence.  Children 5-9 years of age have the 
highest incidence of dog bite-related ED visits.  The incidence of cat bite-related ED 
visits is higher for women than for men.  
Hypotheses for Manuscript 2:  
Patients with dog bite(s) to the head, neck, or face have an increased risk of being 
admitted to the hospital after dog bite-related ED visit compared to those with dog bite(s) 
other anatomic locations.  Infection of dog bite wounds will be associated with a greater 
risk of hospitalization after dog bite-related ED visit than other potential determinants of 
hospitalization.   
 
With this dissertation, the following aims are addressed: 
 
Specific Aim 1 (Manuscript 1): 
Using NC DETECT ED visit data from January 1, 2008 to December 31, 2010, calculate 
animal bite incidence rates and 95% confidence intervals (CIs) over the 3-year study 
period and within yearly and monthly intervals for the entire state and by patient sex, age 
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group, rural or urban residence, and biting animal species with age-adjustment to the US 
Census Bureau 2008 Intercensal Population Estimates for North Carolina by 5-year age 
groups.  Calculate rate differences and 95% CIs.  
  
Specific Aim 2 (Manuscript 1): 
Describe incident animal bite-related ED visit and patient characteristics, including mode 
of transport to the ED, visit month, payment method, administration of rabies PEP, 
patient sex, patient age, anatomic location of bite(s), ED disposition, biting animal 
species, and urban versus rural patient residence.   
 
Specific Aim 3 (Manuscript 2): 
Using an administrative dataset from the University of North Carolina, Department of 
Emergency Medicine, identify patients with a dog bite-related ED visit that will be 
included in the case-cohort study.  Create a data collection instrument and data base in 
preparation for medical record review.  Perform a review of UNC Health Care medical 
records and collect relevant demographic and clinical data on each ED patient included in 
the study.   
 
Specific Aim 4 (Manuscript 2): 
Using logistic regression models, describe the relationship between the following risk 
factors and the risk of hospitalization after a dog bite-related ED visit: presence of 
infection, complicated injury, host defense abnormalities, number of previous evaluations 
for the injury, and anatomic location of the bite.  Consider adjustment variables for the 
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relationship between each risk factor and hospitalization based on directed acyclic graphs 
(DAGs).     
 
Specific Aim 5 (Manuscript 2):  
Evaluate effect measure modification by patient sex and race for the relationship between 
previous evaluation for the dog bite injury and hospitalization. 
  
 
CHAPTER III 
METHODS 
A. Overview of study designs 
 Animal bites may lead to trauma, pain, infection, possible rabies exposure, and, 
rarely, death.  Costly healthcare utilization such as ED visits and hospitalization may 
follow.  Incidence rates of dog bites are available but not routinely compiled (7, 29, 30).  
The most recent published rates of all animal bites for a population larger than a single 
city are from the early to mid-1990s and are now outdated (3, 8).  Risk factors for 
hospitalization after a dog bite injury have not been examined quantitatively.  A 
comprehensive understanding of patient and injury characteristics that result in an 
increased risk for hospitalization after a dog bite injury may reduce hospitalizations and 
improve patient outcomes. 
 A cohort study of North Carolina residents from 2008-2010 was conducted to 
determine the incidence of animal bite-related ED visits.  ED visit data from NC 
DETECT, a statewide syndromic surveillance system, was used for this study.  More than 
99% of acute care hospitals in North Carolina submit ED data to NC DETECT daily, 
including Chief Complaints, Triage Notes, and up to 11 ICD-9-CM codes and E-codes 
(69).  Statewide age, gender, rural or urban residence, and biting animal species incidence 
rates were calculated using US Census denominators (73).  A cross-sectional analysis of 
incident animal bite-related ED visits was performed to examine ED visit and patient 
characteristics.  
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A case-cohort study was conducted to examine the association between the 
following factors and the risk of hospitalization: infection, complicated injury, host 
defense abnormalities, number of previous evaluations for the injury, and anatomic 
location of the bite.  The cohort consisted of ED patients evaluated for a dog bite injury 
between January 1, 2000 and December 31, 2011 at UNC Health Care (74).  Cases were 
defined as cohort members who were admitted as inpatients to UNC Health Care directly 
from the ED.  From the cohort, a simple random sample was selected for the subcohort.  
Logistic regression models were used to describe the relationship between each risk 
factor and hospitalization.  Effect measure modification was examined by patient sex and 
race for the relationship between previous evaluation for the dog bite injury and 
hospitalization. 
 
B. Study of animal bite incidence in North Carolina using statewide emergency 
department visit data 
 
B.1 Population and study design  
NC DETECT was the source of ED visit data for this study.  NC DETECT is a 
statewide syndromic surveillance system created by the NC DPH in collaboration with 
the Carolina Center for Health Informatics in the Department of Emergency Medicine, 
University of North Carolina at Chapel Hill (69).  NC DETECT collects ED visit data as 
part of a state-mandated bio-surveillance initiative.  No recruiting or enrollment 
procedures are in place, as all ED visits from reporting hospitals are included.  From 
2008-2010, 108 to 113 of the 114 acute care hospitals in North Carolina submitted ED 
visit data to NC DETECT.  As of 2008, NC DETECT included >99% of ED visits in 
North Carolina. 
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Not all animal bite-related injuries are treated at EDs.  Animal bite victims may 
also seek care at private medical practices and urgent care centers, and some may not 
seek medical care at all.  An individual with more severe animal bite wounds may visit an 
ED rather than a private medical practice or an urgent care center.  Uninsured or 
underinsured individuals may preferentially seek care for animal bite wounds at an ED 
(75).  Despite these limitations, the NC DETECT ED database provides the most 
comprehensive, complete, and cost-effective source of animal bite data in the state.  
This study was a statewide, population-based cohort study including males and 
females of all ages and races.  The incidence of animal bites treated in North Carolina 
EDs was determined.  Animal bite-related ED visits have not previously been quantified 
in North Carolina.  North Carolina is the 10th largest state by population with >9.5 million 
residents in 2010 and has approximately equal numbers of residents living in urban and 
rural areas (76).  An updated population-based study of the incidence and epidemiology 
of animal bites in North Carolina may be relevant to similar states and to the nation.   
A cross sectional study design was used to examine the prevalence of ED visit 
characteristics and patient attributes at the time of the ED visit.  The NC DETECT ED 
database contains information on patient age, sex, presenting chief complaint, arrival date 
and time, ICD-9-CM final diagnosis and injury codes, mode of transport to the ED, ED 
discharge disposition (e.g. discharged, admitted, transferred), procedure codes (e.g. 
administration of rabies PEP), and patient county and zip code of residence.  Therefore, 
the cross-sectional dataset contained detailed animal bite-related injury information for a 
large number of ED visits made in North Carolina.   
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ED visits made by North Carolina residents from January 1, 2008 through 
December 31, 2010 and included in NC DETECT data were eligible for inclusion.  North 
Carolina residency was based on the patient’s self-reported home county and zip code.  
ED visits were included in the dataset only once.  Eligible visits meeting at least one the 
following criteria were included.   
1) Contained E-code E906.0 (11) (dog bite)   
2) Contained E-code E906.1 (rat bite)   
3) Contained E-code E906.3 (bite from other animal except arthropod) and was 
determined to be a mammalian or unidentified animal bite upon review of the CC 
and TN   
4) Contained E-code E906.5 (bite from unspecified animal) and was determined to 
be a mammalian or unidentified animal bite upon review of the CC and TN   
5) The CC or TN indicated a mammalian or unidentified animal bite, cat scratch, or 
bat scratch, but an animal bite E-code was not present.  ED visits with CCs or 
TNs indicating cat or bat scratches were counted together with bites, as in 
previous research (25, 42), due to the difficulty in distinguishing bites from 
scratches by these species.  
The following types of visits were not included in the dataset: 1) visits with CCs 
and TNs indicating bat exposure but no bite or scratch; 2) visits for “cat scratch fever” 
without mention of a cat scratch or bite in the CC or TN and lacking a bite E-code; 3) 
visits containing a rabies-related E-code (V01.5, V04.5) but lacking an animal bite E-
code, bite-related CC, and bite-related TN; 4) human bite-related visits. 
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Recheck visit(s) by a patient to the same ED or an ED in the same health system 
could be identified through a masked identification number, but recheck visit(s) to a 
different ED or an ED outside the health system could not be identified.  Visits to an ED 
in the same health system were considered the equivalent of visits to the same ED.  
Each patient’s first animal bite-related ED visit in calendar time was considered 
an incident visit, with the exception of recheck visits that occurred in January 2008.  A 
recheck was defined as a visit that occurred ≤30 days from an incident visit.  The first 
visit to occur >30 days after the most recent incident visit was considered another 
incident visit.   
The possibility of including a recheck visit for rabies vaccination in the incidence 
calculations was minimized by defining recheck visits as those that occurred ≤30 days 
from an incident visit.  Traditionally, the rabies PEP schedule included a total of 5 doses 
of rabies vaccines, the fifth of which was given on day 28 (77).  The recommendation for 
use of a reduced 4-dose vaccine schedule for rabies PEP was released by the Advisory 
Committee on Immunization Practices on March 19, 2010 and may not have been 
implemented until near the end of the study period. 
Using E-codes, CCs, and TNs, each visit was individually coded by biting animal 
species.  A wildlife bite included a bat bite or scratch or a bite from one of the following 
animals: raccoon, squirrel or chipmunk, fox, opossum, beaver, groundhog or woodchuck, 
prairie dog, mole, skunk, bear, coyote, wolf, otter, or hedgehog.      
B.2 Analytic approach 
Incidence rates of animal bite-related ED visits were estimated with person-time 
denominators from the US Census Bureau 2008-2010 Intercensal Population Estimates 
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for North Carolina (73).  Rates and 95% CIs were calculated over this 3-year period and 
within yearly and monthly intervals for the entire state and by sex, age group, rural or 
urban residence, and biting animal species with age-adjustment to the US Census Bureau 
2008 Intercensal Population Estimates for North Carolina by 5-year age groups.  Rate 
differences and 95% CIs were calculated using Episheet© (78).  Rural versus urban 
residence, based on self-reported county of residence, was classified as a dichotomous 
variable in which 85 of the 100 North Carolina counties are rural and 15 are urban (76).  
Frequencies and percentages of incident animal bite-related ED visit and patient 
characteristics were described.  Animal bite injuries were examined by ICD-9-CM 
diagnosis code group (11).  
 
C. Risk factors for hospitalization after a dog bite injury 
C.1 Population and study design 
A case-cohort study was conducted at UNC Health Care, a large, integrated, 
teaching hospital (806 licensed beds) in North Carolina (74).  The cohort consisted of 
patients seen at UNC Health Care ED between January 1, 2000 and December 31, 2011 
with an ICD-9-CM E-code for dog bite (E906.1) (11).  Additional criteria for inclusion 
into the study were as follows: 1) A physical examination was performed in the ED by a 
physician or a nurse practitioner. (UNC Health Care ED does not employ physician 
assistants.)  2) The ED visit chief complaint indicated a dog bite injury or the sequelae 
from such an injury (e.g. laceration).  ED visits for rabies PEP or tetanus vaccination only 
and without evaluation of or medical care for a dog bite injury were not eligible for 
inclusion.  3) The ED visit was for injury from one or multiple dogs.  Patients with 
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injuries from a dog and another animal species (e.g. cat) were not eligible for inclusion.  
4) The ED visit medical record was complete and available for review.   
Cases were defined as cohort members who met the above criteria and were 
admitted as inpatients to UNC Health Care directly from the ED.  From the cohort, a 
simple random sample was selected for the subcohort.  Therefore, cases were eligible to 
be subcohort members.  After considering the number of available cases and the 
approximate time commitment associated with the medical record review, it was my goal 
to include at least 100 cases and 200 subcohort members in the study.  Based on 
published estimates of infection prevalence in the source population of patients 
hospitalized for dog bite-related injury, this sample size would have 80% and 90% power 
to detect odds ratios in the range of 2.6 and 2.9, respectively, at an alpha of 0.05. 
It is possible that more severe dog bite-related injuries present to UNC Health 
Care than to smaller, non-teaching hospitals.  Therefore, results of this analysis may not 
be generalizable to patients treated at smaller, non-teaching hospitals. 
C.2 Data collection and quality assurance 
Demographic characteristics, clinical data, and medical history for each ED visit 
included in the study were collected from UNC Health Care medical records.  Data on 
risk factors, the outcome, and covariates were collected from the ED medical record for 
the specific visit included in the study or from the demographics page of the EMR.  
Wound microbiologic culture results were collected for descriptive analysis from 
extended information found in related ED visit medical records and inpatient medical 
records.   
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Anatomic location of the dog bite injury was abstracted from the physical 
examination findings and categorized by major body region: 1) head, neck, or face 
(including eyes, ears, and oral cavity); 2) upper extremity (including shoulders, arms, 
wrists and hands); 3) other anatomic location (lower extremity (including hips, legs, 
ankles and feet) or torso (including thorax, abdomen, genitals, other pelvis, back and 
buttocks, and other trunk); 4) multiple anatomic locations (a combination of one or more 
of the above anatomic locations).  Presence of a complicated injury was abstracted from 
physical examination findings and defined as any of the following: 1) injury to tendon or 
ligament, joint (including dislocation), or nerve; 2) vascular injury requiring specific 
surgical intervention; 3) piercing injury into the thorax, abdomen, or skull; 4) fracture; 5) 
compartment syndrome.  Presence of host defense abnormality was obtained from the 
medical history and defined as any of the following: diabetes mellitus, renal disease, 
hepatic disease, HIV positive, asplenic, or currently taking an immunosuppressive 
medication.  Immunosuppressive medications included alkylating agents, antimetabolites, 
high-dose oral corticosteroids, immune suppressing antibodies and interferons) (79).  
Presence of infection was a dichotomous variable abstracted from the ED provider’s 
clinical impression and included any infection related to the dog bite injury.  Previous 
evaluation was defined as a medical evaluation documented in the medical history from 
any primary care, urgent care, or emergency medicine provider for the same dog bite 
injury, prior to the study visit at UNC Health Care ED.  The number of previous 
evaluations was categorized as no previous evaluation, 1 previous evaluation, or ≥2 
previous evaluations. 
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Data were entered into a custom, standardized, electronic data abstraction form 
developed in Epi Info™ (CDC) (Appendix 1) (80).  I performed the data abstraction.  A 
random sample of 10 study records was abstracted by a second reviewer, an emergency 
medicine physician, masked from the data I abstracted.  Inter-rater reliability for risk 
factors, the outcome, and covariates were assessed using intraclass correlation statistics 
(81).  Discrepancies were settled by re-reviewing the medical record. 
C.3 Analytic approach 
Multivariate logistic regression models were used to describe the relationship 
between each of the risk factors and the outcome (SAS® 9.2 (Cary, NC)) (82).  For each 
risk factor, a directed acyclic graph (DAG) was used to evaluate potential confounding by 
covariates, including other risk factors (Appendix 2) (83, 84).  DAG analysis indicated 
that, for each risk factor, the model should be adjusted for all other risk factors and for 
patient age.  Patient age was modeled as a quadratic spline with knots at the 25% and 
75% percentiles of the subcohort age distribution.  The risk period was the duration of the 
ED visit for dog bite injury.   
Odds ratios (ORs) from logistic regression models directly estimated risk ratios in 
the cohort, given the case-cohort design (85).  The intercept from the model output was 
corrected by adding the natural log of the sampling fraction, which was 250/1384 (83).  
In the case-cohort study design, cases may be included in the cohort sample, so standard 
errors from the logistic regression model output are incorrect (83).  Odds ratio 95% CIs 
were calculated using generalized estimating equation (GEE) robust variance estimates 
with an independent working covariance matrix and patient medical record number as the 
clustering variable. (83, 86, 87).  Therefore, the GEE robust variance estimates took into 
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account the cases in the cohort sample, as well as the 4 patients in the study with 2 dog 
bite injury ED visits on different dates. 
For risk difference (RD) calculations, cases included in the cohort sample were 
removed from the cohort sample (83).  The adjustment variables were centered by 
subtracting the mean, and logistic regression was performed.  The intercept from the 
model output was corrected by adding the natural log of the sampling fraction.  
Coefficients from the logistic regression model output and the corrected intercept were 
used to create RD point estimates.  Bootstrap sampling was used to obtain RD 95% 
confidence limits by resampling the cases and the non-cases in the cohort sample.  A total 
of 10,000 bootstrap samples were evaluated to obtain stable RD confidence limits.    
Odds ratio modification was estimated with product interactions of the risk factor 
with patient sex and race for the relationship between previous evaluation for the dog bite 
injury and hospitalization (83).  For analysis of modification, the following variables 
were dichotomized: number of previous evaluations (no previous evaluation, ≥1 previous 
evaluation) and race (white, non-white).  Given the case-cohort study design, the ratios of 
odds ratios (RORs) in the data estimated the ratios of relative risks (RRRs) in the cohort.  
Because the sampling fraction was known, the difference of RDs (interaction contrast, 
IC) could be estimated to assess modification on the additive scale.  Bootstrap sampling 
was used to obtain 95% confidence limits for RORs and ICs.  A total of 10,000 bootstrap 
samples were evaluated to obtain stable confidence limits.    
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D. Human subjects research 
The Institutional Review Boards of the University of North Carolina at Chapel 
Hill and the NC DPH approved the study, “Animal bite-related emergency department 
visits: A population-based study of incidence, visit characteristics and patient attributes” 
(Manuscript 1). The Institutional Review Board of the University of North Carolina at 
Chapel Hill approved the study, “Risk factors for hospitalization after a dog bite injury:  
A case-cohort study of emergency department visits” (Manuscript 2) and found that it 
met criteria for waiver of informed consent for research and waiver of Health Insurance 
Portability and Accountability Act (HIPPA) authorization.  
 
  
CHAPTER IV 
MANUSCRIPT 1: 
ANIMAL BITE-RELATED EMERGENCY DEPARTMENT VISITS: A 
POPULATION-BASED STUDY OF INCIDENCE, VISIT CHARACTERISTICS AND 
PATIENT ATTRIBUTES 
 
A. Overview 
 Consequences of animal bites include trauma, pain, infection, possible rabies 
exposure, and, rarely, death.  Animal bites may lead to costly healthcare utilization, such 
as emergency department (ED) visits, hospitalization, and rabies post-exposure 
prophylaxis (PEP).  In the United States (US), the cost of care for upper extremity dog 
and cat bites alone is estimated at >$850 million per year.  Directed public health 
interventions may reduce the animal bite burden but require knowledge of current animal 
bite epidemiology.  Animal bite-related ED visit incidence rates using International 
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) external 
cause of injury codes (E-codes) and Chief Complaint and Triage Note keyword searches 
have not been previously published.  We report the incidence of animal bite-related ED 
visits in North Carolina and the association with age, sex, urbanicity, and season by 
biting species.  Visit and patient characteristics are described, including use of rabies 
PEP, anatomic location of injuries, mode of transport to the ED, and ED visit payment 
method.  
 Within the cohort of North Carolina residents from 2008-2010, 38,971 incident 
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animal bite-related visits were identified from statewide ED surveillance data by ICD-9-
CM E-codes and Chief Complaint and Triage Note keyword searches.  Rates were 
calculated using US Census denominators.  A cross-sectional analysis of incident animal 
bite-related ED visits was performed to examine ED visit and patient characteristics.   
 Compared with urban North Carolina residents, those who live in rural areas have 
a substantially higher incidence of animal bite-related ED visits (rate difference 19 
visits/105 person-years (py), 95% confidence interval 16 to 22 visits/105 py).  By age 10, 
a NC child has a 1 in 50 risk of dog bite injury requiring an ED visit.  Although dog bite 
incidence among adults declines steeply with age, this trend is reversed for cat bites and 
scratches, which reach peak incidence among residents age >79 years.  A North 
Carolinian has a 1 in 60 lifetime risk of cat bit or scratch injury requiring an ED visit.  
For both dog bites and cat bites and scratches, secular incidence trends show pronounced 
seasonal patterns, with lows January to February and peaks roughly 50% higher in spring 
and early summer.  Hospitalization occurs in 3% of animal bite visits.  Infection is 
diagnosed in 3% of dog bites and 17% of cat bites or scratches.   
 Using ED surveillance data to monitor species-specific bite incidence across a 
state and in various subpopulations provides valuable insight for physicians, public health 
officials, and veterinarians.  Findings may be used to target and renew support for animal 
bite prevention efforts.  In North Carolina, dog bite prevention efforts should be 
increased and directed toward children ≤14 years-old in the early spring, and older adults 
should be educated on avoidance of cat bites and scratches. 
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B. Introduction 
Animals are an integral part of the lives of many Americans.  An estimated 39% 
of United States (US) households own at least 1 dog and 33% own at least 1 cat (70).  As 
suburban sprawl continues, humans are increasingly placed in contact with wildlife.  
Many occupations and certain hobbies also put individuals at elevated risk for injury 
from animals.  With numerous potential exposures, animal bites continue to be a major 
public health concern and a burden on the healthcare system (1).  
Consequences of animal bites include physical and emotional trauma, pain, 
infection, possible rabies exposure, and, rarely, death (2).  Animal bites may also lead to 
costly healthcare utilization, such as emergency department (ED) visits, hospitalization, 
and rabies post-exposure prophylaxis (PEP) (4, 9, 12-14, 28-30).  Unintentional dog bite 
injuries are associated with an estimated average lifetime medical cost, including 
treatment and rehabilitation, of >$630 for a treat and release ED visit and >$18,000 for 
hospitalization (12, 71).  The aggregated cost of dog bite-related hospitalizations in the 
US is approximately $53.9 million yearly.  
Incidence rates of dog bites are available but not routinely compiled (12, 29, 30).  
The most recent published rates of all animal bites for a population larger than a single 
city are from the early to mid-1990s and now outdated (3, 8).  These studies examined 
animal bite and saliva exposures reported to local or state health departments.  However, 
many animal bites are not reported to the appropriate agencies (6, 9).  Therefore, ED visit 
data provide an alternative and, in some ways, superior means of examining the animal 
bite burden (32, 72). 
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Prior studies have used the International Classification of Diseases, 9th Revision, 
Clinical Modification (ICD-9-CM) external cause of injury code (E-code) E906.0 to 
identify ED visits for dog bite (7, 12, 15, 29-31).  However, no previous studies have 
used additional E-codes to identify ED visits for other animal bites and a keyword search 
of ED visit Chief Complaints (CCs) and Triage Notes (TNs) to identify additional animal 
bite-related ED visits not assigned a bite-related E-code.  The additional E-codes, CCs, 
and TNs provide more accurate incidence rates and, for the first time on a statewide level, 
biting species-specific ED visit incidence rates.   
North Carolina is the 10th largest state by population with >9.5 million residents 
in 2010 and has approximately equal numbers of residents living in urban and rural areas 
(76).  An updated population-based study of the incidence and epidemiology of animal 
bites in North Carolina may be relevant to similar states and the nation.  This study 
demonstrates the analysis of incident animal bites using a statewide, population-based ED 
visit surveillance system that collects CCs, TNs, and ICD-9-CM codes.  Current 
knowledge of animal bite-related ED visits, including prevalence of infection, return ED 
visits, and use of rabies PEP, is valuable for physicians, public health officials, and 
veterinarians.  
 
C. Methods 
Dataset background and creation: 
The North Carolina Disease Event Tracking and Epidemiologic Collection Tool 
(NC DETECT) was the source of ED visit data.  NC DETECT is a statewide syndromic 
surveillance system created by the North Carolina Division of Public Health in 
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collaboration with the Carolina Center for Health Informatics in the Department of 
Emergency Medicine, University of North Carolina at Chapel Hill (69).  From 2008-
2010, 108 to 113 of the 114 acute care hospitals in North Carolina submitted ED visit 
data to NC DETECT.  As of 2008, NC DETECT included >99% of ED visits in North 
Carolina. 
ED visits made by North Carolina residents from January 1, 2008 through 
December 31, 2010 and included in NC DETECT data were eligible for inclusion.  North 
Carolina residency was based on the patient’s self-reported home county and zip code.  
ED visits were included in the dataset only once.  Eligible visits meeting at least one the 
following criteria were included.   
1) Contained E-code E906.0 (11) (dog bite)  (N=26,353) 
2) Contained E-code E906.1 (rat bite)  (N=213) 
3) Contained E-code E906.3 (bite from other animal except arthropod) and was 
determined to be a mammalian or unidentified animal bite upon review of the CC 
and TN  (N=5,606) 
4) Contained E-code E906.5 (bite from unspecified animal) and was determined to 
be a mammalian or unidentified animal bite upon review of the CC and TN  
(N=771) 
5) The CC or TN indicated a mammalian or unidentified animal bite, cat scratch, or 
bat scratch, but an animal bite E-code was not present (N=9,671).  ED visits with 
CCs or TNs indicating cat or bat scratches were counted together with bites, as in 
previous research (25, 42), due to the difficulty in distinguishing bites from 
scratches by these species.  
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The following types of visits were not included in the dataset: 1) visits with CCs 
and TNs indicating bat exposure but no bite or scratch; 2) visits for “cat scratch fever” 
without mention of a cat scratch or bite in the CC or TN and lacking a bite E-code; 3) 
visits containing a rabies-related E-code (V01.5, V04.5) but lacking an animal bite E-
code, bite-related CC, and bite-related TN; 4) human bite-related visits. 
Recheck visit(s) by a patient to the same ED or an ED in the same health system 
could be identified through a masked identification number, but recheck visit(s) to a 
different ED or an ED outside the health system could not be identified.  Visits to an ED 
in the same health system were considered the equivalent of visits to the same ED.  
Dataset for incident animal bite-related ED visit analysis: 
Each patient’s first animal bite-related ED visit in calendar time was considered 
an incident visit, with the exception of recheck visits that occurred in January 2008 
(N=11).  A recheck was defined as a visit that occurred ≤30 days from an incident visit.  
The first visit to occur >30 days after the most recent incident visit was considered 
another incident visit.   
Using E-codes, CCs, and TNs, each visit was individually coded by biting animal 
species.  A wildlife bite included a bat bite or scratch or a bite from one of the following 
animals: raccoon, squirrel or chipmunk, fox, opossum, beaver, groundhog or woodchuck, 
prairie dog, mole, skunk, bear, coyote, wolf, otter, or hedgehog.      
Incidence rates of animal bite-related ED visits: 
 Incidence rates of animal bite-related ED visits were estimated with person-time 
denominators from the US Census Bureau 2008-2010 Intercensal Population Estimates 
for North Carolina (73).  Rates and 95% confidence intervals (CIs) were calculated over 
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this 3-year period and within yearly and monthly intervals for the entire state and by sex, 
age group, rural or urban residence, and biting animal species with age-adjustment to the 
US Census Bureau 2008 Intercensal Population Estimates for North Carolina by 5-year 
age groups.  Rate differences and 95% CIs were calculated using Episheet© (78).  Rural 
versus urban residence, based on self-reported county of residence, was classified as a 
dichotomous variable in which 85 of the 100 North Carolina counties are rural and 15 are 
urban (76).  
Cross-sectional analysis of incident animal bite-related ED visits: 
 Frequencies and percentages of incident animal bite-related ED visit and patient 
characteristics were described.  Animal bite injuries were examined by ICD-9-CM 
diagnosis code group (11).  
 The Institutional Review Boards of the University of North Carolina at Chapel 
Hill and the North Carolina Division of Public Health approved this study.  
 
D. Results 
Overview of animal bite-related ED visits: 
In North Carolina from 2008-2010, 38,479 patients made 42,614 animal bite-
related ED visits, or 0.3% of all ED visits in the state.  Nine percent (3,313) of the 
patients made animal bite-related recheck visits to the same ED.  Of these patients, 2,724 
(82%) made two, 421 (13%) made three, and 168 (5%) made four or more recheck visits. 
Of the 38,971 incident animal bite-related ED visits from 2008-2010, 25,054 
(64%) had an E906.0 code (dog bite), 211 (1%) had an E906.1 code (rat bite), 5,129 
(13%) had an E906.3 code (bite from other animal except arthropod), 722 (2%) had an 
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E906.5 code (bite from unspecified animal), and 7,855 (20%) indicated bite in the CC 
and/or TNs but did not have an animal bite E-code.  Of the 7,855 incident ED visits 
lacking an animal bite E-code, the majority were dog bite (N=4,315), cat bite or scratch 
(N=1,801), or unidentified animal bite (N=1,381).  
Incidence rate of animal bite-related ED visits: 
The statewide incidence rate of animal bite-related ED visits remained 
approximately constant over the study period: 135/105 person-years (py) (95% CI, 132-
137) in 2008, 141/105 py (95% CI, 139-144) in 2010.  The incidence rate was highest for 
children under 10 years of age, after which the rate declined fairly steadily with age 
(Table 1).  The overall rates for males and females were quite similar (Table 1).   
The rate of dog bite-related ED visits was much higher than for any other 
mammalian species (Table 1).  The age trend in dog bite-related ED visits mirrored that 
of the overall trend, with the highest incidence in children age 5-9 years (Figure 1).  The 
incidence of dog bite-related ED visits was higher in males (115/105 py) than in females 
(95/105 py), with a rate difference of 20/105 py (95% CI, 17-22).   
ED visits related to cat bites and scratches were next most common (Table 1), 
with highest rates among adults >75 years of age.  The incidence of cat bite or scratch-
related ED visits was higher in females (26/105 py) than in males (12/105 py), with a rate 
difference of 14/105 py (95% CI, 13-15). 
 The incidence of visits for dog bites, cat bites or scratches, and other specified 
animal bites (bites from wildlife, equines, swine, small ruminants, other small animals, 
and rodents) demonstrated a seasonal pattern, with an increase in the late spring, peak in 
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the summer, and decrease through the fall (Figure 2).  This pattern was especially 
prominent for dog bite visits.  
 The age-adjusted incidence of animal bite-related ED visits was higher in rural 
than in urban NC counties (Table 2).   
Cross-sectional evaluation of incident animal bite-related ED visits: 
 Among North Carolina residents with an incident animal bite ED visit from 2008-
2010, the mean age was 32 years (range: 0-99; standard deviation: 22).  Thirty percent 
(11,570) of such visits were made by children ≤14 years (Table 3).  Similar numbers of 
incident animal bite-related ED visits were made by males and females.  Patients from 
rural North Carolina counties made 19,555 (50%) of incident animal bite ED visits, while 
17,623 (45%) were made by patients from urban North Carolina counties.     
In 35,297 (91%) of incident animal bite ED visits the patient was discharged, 
while in 1,091 (3%) of incident visits the patient was hospitalized (Table 3).  Fewer than 
10 patients had a discharge disposition indicating death.  However, identifying 
information was not available for death certificate verification.  Private insurers paid for 
14,139 (36%) of the incident animal bite ED visits (Table 3).  Among the 30,865 visits 
with information regarding mode of transport to the ED, 27,908 (90%) were walk-ins.  
Rabies PEP was administered during 1,664 (4%) of the incident animal bite-
related visits (Table 3).  Among the 698 ED visits for a wildlife bite, rabies PEP was 
administered at 234 (34%) visits.  Rabies PEP was administered at 379 (7%) of cat bite or 
scratch-related visits and at 839 (3%) of dog bite-related ED visits.   
Among those with an incident animal bite ED visit, the highest frequencies of 
ICD-9-CM diagnosis code(s) for skin or subcutaneous tissue infections were in adults 
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aged 35-69 (Table 4).  Skin or subcutaneous tissue infection was diagnosed at 796 (3%) 
of 29,586 dog bite-related incident visits and 898 (17%) of 5,314 cat bite or scratch-
related incident visits, resulting in a prevalence difference of 14% (95% CI, 13-15).  
Wounds to the head, neck, or face were documented in 6,304 animal bite-related ED 
visits, 1,931 (31%) of which were made by 0-4 year-olds and 1,456 (23%) of which were 
made by 5-9 year-olds.  Wounds to the upper limbs, including hands, were consistent 
across age groups, with the exception of lower frequencies in the youngest and oldest age 
groups.  Of 54 incident animal bite-related ED visits with a skull fracture, 19 (35%) were 
made by 0-4 year-olds. 
 
E. Discussion 
Animal bites are an important target for public health interventions.  At 0.3%, the 
percentage of animal bite-related ED visits to all ED visits in North Carolina is greater 
than the percentage of ED visits for cardiac arrest (69).  From 2008-2010, unintentional 
dog bite injuries were associated with an estimated average lifetime medical cost of 
>$630 for a treat and release ED visit and >$18,000 for hospitalization (12, 71).  
Therefore, North Carolina ED-evaluated dog bite injuries alone cost an average of >$9.1 
million per year during the study period. 
Although animal bites are largely preventable, directed intervention efforts 
require an understanding of current epidemiology.  The incidence of animal bites has 
been examined previously.  However, published estimates included only dog bites (12, 
29, 30), were based on data from the early to mid-1990’s (3, 8), relied on reported animal 
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bites or exposures (3, 8), or were for a single city (32).  Biting species-specific ED visit 
incidence rates have not been previously published on a statewide level.   
This study provides an example of the use of comprehensive, statewide ED 
syndromic surveillance data for determination of animal bite incidence rates and 
description of ED visit characteristics and patient attributes.  Twenty percent of incident 
animal bite-related ED visits in this study were identified by keyword search of CCs and 
TNs and did not contain an animal bite E-code.  Therefore, identification of animal bite-
related ED visits either by animal bite E-code or by CCs and TNs keyword searches 
alone may lead to an underestimation of the true animal bite incidence.   
Fifteen percent of incident dog bite-related ED visits did not contain an E-code 
for dog bite and were identified by the CCs and TNs keyword search.  However, the 
incidence of dog bite-related ED visits in North Carolina from 2008-2010 was 105/105 py 
(95% CI, 103-106), similar to recent national estimates (103.9/105 py, 107.2/105 py) (12, 
30) and slightly less than other older national studies (12.9/104 py, 129.3/105 py) (7, 29).  
Each of these previous studies included only ED visits identified by the E-code E906.0.  
Therefore, previously published national rates may have underestimated the true 
incidence of dog bite-related ED visits.  
 Several of this study’s findings support previously published work.  Greater than 
75% of animal bites examined in North Carolina EDs were from dogs, nearly 14% from 
cats, and the remaining from wildlife, horses, food animals, rodents, and other animals.  
Males had a higher incidence of dog bites than females, while females had a higher 
incidence of cat bites or scratches than males.   
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 Children ≤14 years had the highest rates of animal bite-related ED visits, 
specifically dog bites.  By the age of 10, a North Carolina child has a 1 in 50 risk of dog 
bite injury requiring an ED visit.  This finding may be related to the physical stature of 
children and their behavior around dogs (9), as well as the healthcare-seeking behavior of 
guardians.  Dog bite incidence was highest in the spring and early summer and decreased 
in late summer and fall.  The seasonal variation is likely associated with greater outdoor 
activity of humans and dogs in the spring and early summer months (9, 21, 32, 88), which 
in North Carolina are often more temperate than the hotter late summer months (89).  
Dog bite prevention efforts in North Carolina should be directed at children ≤14 years of 
age in the early spring.  Targeted interventions could be made in schools and daycares 
(90), with a special focus on educating toddler boys.  Dissemination of bite prevention 
education materials at the point of sale of animals should be encouraged, specifically for 
animals adopted from shelters and humane societies or purchased from breeders or pet 
stores (90).      
This study is the first to examine the statewide incidence of cat bite or scratch-
related ED visits.  By age 85, a North Carolinian has a 1 in 60 risk of cat bite or scratch 
injury requiring an ED visit.  Despite the fact that individuals >79 years had the lowest 
animal bite incidence in this study, the highest incidence of cat bite or scratch-related ED 
visits was in adults >79 years.  This may be related to the population that seeks ED care 
for cat bites and scratches, ownership of cats in this group, and increased skin fragility 
and decreased motor skills in the elderly (91).  Older adults should be educated on 
avoidance of cat bites and scratches.  Targeted interventions could be made through 
church groups, senior citizen centers, or meals-on-wheels programs (90). 
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Previous reports indicated that 1%-30% of dog bites and 29%-50% of cat bites 
become infected (41-44).  Many of these estimates are based on data from a single 
institution or a small number of institutions.  In North Carolina, 3% of incident dog bites 
and 17% of incident cat bites or scratches examined in EDs were infected.   
Previous statewide studies comparing the incidence of animal bites in rural and 
urban areas have varied by state (3, 8).  In North Carolina, urban counties have a lower 
median age and higher proportion of individuals <45 years than rural counties (76).  
However, factors other than age may also influence the rate difference, such as 
differences in the animal density and species distribution in rural and urban counties. 
This study has several limitations.  Only 3 years of ED visit data were evaluated, 
making it difficult to assess trends over time.  Medical record review was not performed 
to verify E-coding, CCs, or TNs.  This study is based on data from North Carolina only.  
However, North Carolina is the 10th largest state by population and contains an 
approximate equal distribution of rural and urban populations.  Therefore, these findings 
may be applicable to other similar states and to the nation.  Additionally, the rates 
presented are population-based and did not rely on complex sampling methods for 
estimation.   
Animal bites, specifically dog and cat bites, are typically monitored and 
prevention efforts undertaken at state and local levels.  This study demonstrates the use of 
statewide ED syndromic surveillance data for other public health initiatives without 
additional burden on data providers.  Monitoring species-specific bite incidence across 
the state and in various subpopulations provides valuable insight for state and local public 
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health officials, physicians, and veterinarians.  Findings may be used to renew support 
and target efforts for animal bite prevention.  
 
  
 
 
Table 1.  Animal bite-related EDa visit incidence rates by patient age group, patient sex, 
and biting animal species, NC DETECTb, 2008-2010. 
Patient Age Group (years) 
EDa visits for 
Animal bite Person-years 
Incidence Rate 
per 100,000 person-years 
(95% CIc) 
0-4 3,827 1,897,515 201.7 (195.3, 208.1) 
5-9 4,405 1,888,142 233.3 (226.4, 240.2) 
10-14 3,338 1,873,179 178.2 (172.2, 184.2) 
15-19 2,504 1,977,678 126.6 (121.7, 131.6) 
20-24 2,849 1,956,315 145.6 (140.3, 151.0) 
25-29 2,776 1,859,107 149.3 (143.8, 154.9) 
30-34 2,442 1,853,649 131.7 (126.5, 137.0) 
35-39 2,411 2,004,414 120.3 (115.5, 125.1) 
40-44 2,470 2,002,900 123.3 (118.5, 128.2) 
45-49 2,700 2,083,789 129.6 (124.7, 134.5) 
50-54 2,387 1,979,368 120.6 (115.8, 125.4) 
55-59 1,915 1,773,231 108.0 (103.2, 112.8) 
60-64 1,503 1,553,499 96.8 (91.9, 101.6) 
65-69 1,143 1,166,162 98.0 (92.3, 103.7) 
70-74 812 867,916 93.6 (87.1, 100.0) 
75-79 642 663,229 96.8 (89.3, 104.3) 
>79 842 920,480 91.5 (85.3, 97.7) 
missing 5 - - 
total 38,971   
Patient Sex    
Male 19,382 13,802,570 140.4 (138.4, 142.4) 
Female 19,583 14,518,003 134.9 (133.0, 136.8) 
missing 6 - - 
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total 38,971   
Biting Animal    
Dog 29,586 28,320,573 104.5 (103.3, 105.7) 
Cat (bite or scratch) 5,314 28,320,573 18.8 (18.3, 19.3) 
Wildlife  28,320,573  
Bat (bite or scratch) 266 28,320,573 0.94 (0.83, 1.05) 
Raccoon 149 28,320,573 0.53 (0.44, 0.61) 
Squirrel or chipmunk 126 28,320,573 0.44 (0.37, 0.52) 
Fox 88 28,320,573 0.31(0.25, 0.38) 
Opossum 30 28,320,573 0.11 (0.07, 0.14) 
Other wildlife 39 28,320,573 0.14 (0.09, 0.18) 
Equine, swine, & small 
ruminants  28,320,573  
Horse, donkey, or mule 110 28,320,573 0.39 (0.32, 0.46) 
Swine or Small ruminant 
(sheep or goat) 32 28,320,573 0.11 (0.07, 0.15) 
Other small animals & rodents  28,320,573  
Rat 232 28,320,573 0.82 (0.71, 0.92) 
Mouse 102 28,320,573 0.36 (0.29, 0.43) 
Rabbit 40 28,320,573 0.14 (0.10, 0.19) 
Hamster, guinea pig, or 
gerbil 40 28,320,573 0.14 (0.10, 0.19) 
Other rodent (including 
ferret) 19 28,320,573 0.07 (0.04, 0.10) 
Other animals  28,320,573  
Unidentified animal 2,781 28,320,573 9.8 (9.5, 10.2) 
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Non-human primate 13 28,320,573 0.05 (0.02,0.07) 
Other animal 11 28,320,573 0.04 (0.02, 0.06) 
total 38,978d   
aEmergency Department 
bNorth Carolina Disease Event Tracking and Epidemiologic Collection Tool 
cConfidence interval 
dTotal is >38,971, as some patients were evaluated for animal bites from multiple species. 
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Table 2.  Animal bite-related EDa visit age-adjusted incidence rates and rate differences by 
rural versus urban county of residence, NC DETECTb, 2008-2010. 
Patient 
Residence 
EDa visits 
for Animal 
bite by Age 
group Person-years 
Age-adjusted 
Incidence Ratec 
per 100,000 person-
years (95% CId) 
Age-adjusted Rate 
Difference 
per 100,000 person-years 
(95% CId) 
Urban 17,620 14,268,735 122.4 (120.6, 124.2) 0 
Rural 19,553 14,051,838 141.2 (139.2, 143.1) 18.8 (16.1, 21.5) 
aEmergency Department 
bNorth Carolina Disease Event Tracking and Epidemiologic Collection Tool  
cAge-adjusted Incidence Rate, standardized to the 2008 United States Census Intercensal Population Estimate for North 
Carolina by the following age groups (in years): 0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-
59, 60-64, 65-70, 70-74, 75-79, >79. 
dConfidence Interval 
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Table 3.  Patient attributes and EDa visit characteristics for incident 
animal bite-related EDa visits, NC DETECTb, 2008-2010. 
Patient Age Group (years) 
EDa visits for Animal bite, No. 
(%) 
0-4 3,827 (9.8) 
5-9 4,405 (11.3) 
10-14 3,338 (8.6) 
15-19 2,504 (6.4) 
20-24 2,849 (7.3) 
25-29 2,776 (7.1) 
30-34 2,442 (6.3) 
35-39 2,411 (6.2) 
40-44 2,470 (6.3) 
45-49 2,700 (6.9) 
50-54 2,387 (6.1) 
55-59 1,915 (4.9) 
60-64 1,503 (3.9) 
65-69 1,143 (2.9) 
70-74 812 (2.1) 
75-79 642 (1.7) 
>79 842 (2.2) 
missing 5 (0.01) 
Patient Sex  
Male 19,382 (49.7) 
Female 19,583 (50.3) 
missing 6 (0.02) 
Patient Residence  
Urban county 17,623 (45.2) 
Rural county 19,555 (50.2) 
missing 1,793 (4.6) 
EDa Disposition  
Discharged 35,297 (90.6) 
Admitted 1,091 (2.8) 
Left Against or Without Medical 
Advice 882 (2.3) 
Transferred 293 (0.8) 
Unknown 124 (0.3) 
Other or died 102 (0.3) 
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Observation 25 (0.1) 
missing 1,157 (3.0) 
Method of Payment  
Private Insurance 14,139 (36.3) 
Self-pay 8,907 (22.9) 
Medicaid 7,880 (20.2) 
Medicare 3,979 (10.2) 
Other 2,339 (6.0) 
Worker’s compensation 974 (2.5) 
Unknown or No charge 179 (0.5) 
Missing 574 (1.5) 
Mode of Transport  
Walk-in 27,908 (71.6) 
Ambulance or air transport 1,790 (4.6) 
Other 1,167 (3.0) 
Unknown 869 (2.2) 
Missing 7,237 (18.6) 
Year of Visit  
2008 12,534 (32.2) 
2009 12,934 (33.2) 
2010 13,503 (34.7) 
Missing 0 (0) 
Month of Visit  
January 2,423 (6.2) 
February 2,454 (6.3) 
March 3,116 (8.0) 
April 3,544 (9.1) 
May 3,907 (10.0) 
June 3,853 (9.9) 
July 3,964 (10.2) 
August 3,648 (9.4) 
September 3,207 (8.2) 
October 3,081 (7.9) 
November 3,005 (7.7) 
December 2,769 (7.1) 
Missing 0 (0) 
Administration of Rabies PEPc  
No 37,307 (95.7) 
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Yes 1,664 (4.3) 
aEmergency department 
bNorth Carolina Disease Event Tracking and Epidemiologic Collection Tool  
cRabies Post-exposure Prophylaxis 
 
  
 
Table 4. International Classification of Diseases, 9th revision - Clinical Modification (ICD-9-CM) diagnosis 
code groupings of animal bite injury from incident animal bite-related EDa visits, NC DETECTb, 2008-
2010.  
Patient 
Age 
Group 
(years) 
Infection of skin 
and/or 
subcutaneous 
tissuec, 
No. (%) 
Wound(s) to 
head, face, 
and/or neckd, 
No. (%) 
Wound(s) to 
upper 
limb(s)e, 
No. (%) 
Wound(s) to 
hand(s)f, 
No. (%) 
Wound(s) to 
lower limb(s)g, 
No. (%) 
Skull fractureh, 
No. (%) 
0-4 73 (3.6) 1,931 (30.6) 588 (4.1) 357 (3.7) 171 (2.8) 19 (35.2) 
5-9 55 (2.7) 1,456 (23.1) 1016 (7.1) 472 (4.9) 612 (10.1) <10i (<18.5) 
10-14 56 (2.7) 675 (10.7) 917 (6.4) 498 (5.1) 732 (12.1) <10i (<18.5) 
15-19 53 (2.6) 318 (5.0) 848 (5.9) 548 (5.7) 495 (8.2) <10i (<18.5) 
20-24 117 (5.7) 307 (4.9) 1,175 (8.2) 817 (8.4) 488 (8.1) <10i (<18.5) 
25-29 105 (5.1) 282 (4.5) 1,119 (7.8) 802 (8.3) 495 (8.2) <10i (<18.5) 
30-34 116 (5.7) 193 (3.1) 1,079 (7.5) 722 (7.5) 416 (6.9) <10i (<18.5) 
35-39 162 (7.9) 204 (3.2) 1,038 (7.2) 699 (7.2) 410 (6.8) <10i (<18.5) 
40-44 158 (7.7) 211 (3.4) 1,086 (7.5) 752 (7.8) 430 (7.1) <10i (<18.5) 
45-49 215 (10.5) 237 (3.8) 1,183 (8.2) 830 (8.6) 442 (7.3) <10i (<18.5) 
50-54 186 (9.1) 166 (2.6) 1,039 (7.2) 738 (7.6) 395 (6.5) <10i (<18.5) 
55-59 161 (7.9) 127 (2.0) 920 (6.4) 676 (7.0) 284 (4.7) <10i (<18.5) 
60-64 145 (7.1) 73 (1.2) 723 (5.0) 536 (5.5) 230 (3.8) 0 (0) 
65-69 141 (6.9) 53 (0.8) 555 (3.9) 415 (4.3) 145 (2.4) <10i (<18.5) 
70-74 95 (4.6) 40 (0.6) 395 (2.7) 303 (3.1) 112 (1.9) 0 (0) 
75-79 74 (3.6) 14 (0.2) 344 (2.4) 248 (2.6) 78 (1.3) 0 (0) 
>79 136 (6.6) 17 (0.3) 379 (2.6) 282 (2.9) 123 (2.0) 0 (0) 
total 2,048 6,304 14,404 9,695 6,058 54 
aEmergency department 
b North Carolina Disease Event Tracking and Epidemiologic Collection Tool  
65 
  
 
c681-Cellulitis and abscess of finger and toe; 682-Other cellulitis and abscess; 684-Impetigo; 686-Other local infections of skin 
and subcutaneous tissue 
d870-874-Open wound of ocular adnexa(870), eyeball(871), ear(872), head(873), neck(874) 
e880-887-Open wound of upper limb 
f882-Open wound of hand except finger(s) alone; 883-Open wound of finger(s); 885-Traumatic amputation of thumb; 886-
Traumatic amputation of other finger(s) 
g890-897-Open wound of lower limb 
h800-804-Skull fracture 
iTo maintain confidentiality, cells with values >0 and <10 are not enumerated. 
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Figure 1. Animal bite-related emergency department (ED) visit incidence rates by patient 
age group and biting animal species, North Carolina Disease Event Tracking and 
Epidemiologic Collection Tool (NC DETECT), 2008-2010. 
 
 
*Confidence interval 
** Bites from wildlife, equine, swine, small ruminant, other small animals, and rodents 
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Figure 2. Animal bite-related emergency department (ED) visit incidence rates by month 
and year and biting animal species, North Carolina Disease Event Tracking and 
Epidemiologic Collection Tool (NC DETECT), 2008-2010. 
 
*Confidence interval 
** Bites from wildlife, equine, swine, small ruminant, other small animals, and rodents 
 
  
 
CHAPTER V 
MANUSCRIPT 2: 
RISK FACTORS FOR HOSPITALIZATION AFTER DOG BITE INJURY: 
A CASE-COHORT STUDY OF EMERGENCY DEPARTMENT VISITS 
 
A. Overview 
 Dog bite injuries may result in trauma, pain, and infection and lead to costly 
healthcare utilization such as emergency department (ED) visits and hospitalizations. 
Although clinical guidelines exist, risk factors for hospitalization after a dog bite injury 
have not been examined quantitatively.  A comprehensive understanding of patient and 
injury characteristics that result in an increased risk for hospitalization after dog bite 
injury may reduce hospitalizations and improve patient outcomes. 
 A case-cohort study was conducted to examine the association between the 
following risk factors and hospitalization: infection, complicated injury, host defense 
abnormality, number of previous evaluations for the injury, and anatomic location of the 
bite.  The cohort consisted of ED patients evaluated for a dog bite injury between January 
1, 2000 and December 31, 2011 at a large North Carolina teaching hospital.  Cases were 
cohort members who were admitted as inpatients directly from the ED.  From the cohort, 
a simple random sample was selected for the subcohort.  Data on risk factors, the 
outcome and covariates were collected from ED medical records.  Logistic regression 
models, informed by directed acyclic graphs (DAGs), were used to describe the 
relationship between each risk factor and hospitalization.  Effect measure modification 
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was examined by patient sex and race for the relationship between previous evaluation 
for the dog bite injury and hospitalization. 
 Cases (n=111) were more likely to be male, white, or insured by Medicaid than 
were members of the subcohort (n=221).  The most common type of complicated injury 
was tendon or ligament injury for cases and fracture for the subcohort.  All factors 
evaluated were associated with increased risk of hospitalization after dog bite injury.  
However, infection at the time of ED visit (odds ratio (OR) = 7.8, 95% confidence 
interval (CI) 3.8, 16.0) and injury to multiple anatomic locations (OR = 6.0, 95% CI 1.2, 
30.9) were associated with the largest relative risks of hospitalization.  For every 3 ED 
visits for an infected dog bite, 1 resulted in hospitalization.  Having had ≥1 prior 
evaluation for the dog bite injury was associated with a lower risk of hospitalization for 
females than males and for whites than non-whites.   
 This study provides a unique, quantitative examination of risk factors for 
hospitalization after dog bite injury.  The relative risk of hospitalization associated with 
each factor was substantial.  However, the strongest relative and absolute associations 
were for infection and hospitalization.  This intuitive relationship highlights the 
importance of wound care, patient counseling, and consideration of antibiotic prophylaxis 
at the initial patient evaluation. 
 
B. Introduction 
 Human injuries from dog bites have long been recognized as a public health 
concern.  These injuries may result in physical and emotional trauma, pain, infection, 
rabies exposure, and, rarely, death (2, 9).  Dog bites may also lead to costly healthcare 
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utilization, such as rabies post-exposure prophylaxis (PEP), emergency department (ED) 
visits, and hospitalization (4, 8, 12-14, 28-30).  The aggregated cost of dog bite-related 
hospitalizations in the United States (US) is approximately $53.9 million yearly (12).  
The average cost of a dog bite-related hospitalization is $18,200, substantially more than 
the average injury-related hospitalization of $12,100.   
Guidelines for hospital admission after dog bite injury typically recommend 
consideration of the patient’s age, as well as other characteristics, including comorbid 
conditions, systemic or severe local infection, anatomic location of the bite, and presence 
of complicated or severe injury (44).  Host-defense abnormalities, such as diabetes 
mellitus or human immunodeficiency virus (HIV) infection, may impair healing or 
increase infection risk (44, 48).  Patients with dog bites resulting in severe local or 
systemic infection are candidates for inpatient intravenous (IV) antibiotic administration 
(41, 44).  The most common anatomic locations of dog bite wounds in hospitalized 
patients include wounds to the head and extremities (12, 48).  Complicated wounds that 
involve injury to bone, joint, or tendon may require surgical intervention and inpatient 
care (44). 
Risk factors for hospitalization after a dog bite injury have not been examined 
quantitatively.  The purpose of this study was to examine and quantify the relationship 
between patient and injury characteristics and the risk of hospitalization after dog bite 
injury.  Specifically, the association between each risk factor, or exposure, and 
hospitalization, the outcome, were evaluated.  The following risk factors were examined: 
presence of infection, complicated injury, host defense abnormality, number of previous 
evaluations for the injury, and anatomic location of the bite.   
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Effect measure modification of the association between previous evaluations and 
hospitalization was examined by patient sex and race.  Having a previous evaluation for 
the dog bite injury by a medical professional suggests a patient received some amount of 
consultation and treatment for the injury prior to the ED visit.  This study examined 
whether having at least one previous evaluation for the dog bite was associated with a 
different risk of hospitalization for females versus males and for white versus non-white 
individuals.      
A comprehensive understanding of patient and injury characteristics that result in 
an increased risk for hospitalization after a dog bite injury may reduce hospitalization and 
improve patient outcomes.  Results from this study may assist emergency medicine 
physicians during patient assessment and inform treatment decisions.  
 
C. Methods 
Case-cohort design and study population: 
A case-cohort study was conducted at UNC Health Care, a large, integrated, 
nonprofit teaching hospital (806 licensed beds) in North Carolina (74).  The cohort 
consisted of patients seen at UNC Health Care ED between January 1, 2000 and 
December 31, 2011 with an International Classification of Diseases, 9th Revision, 
Clinical Modification (ICD-9-CM) external cause of injury code for dog bite (E906.1) 
(11).  Additional criteria for inclusion into the study were as follows: 1) A physical 
examination was performed in the ED by a physician or nurse practitioner. 2) The ED 
visit chief complaint indicated a dog bite injury or the sequelae from such an injury (e.g. 
laceration).  ED visits for rabies PEP or tetanus vaccination only and without evaluation 
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of or medical care for a dog bite injury were not eligible for inclusion.  3) The ED visit 
was for injury from one or multiple dogs.  Patients with injuries from a dog and another 
animal species (e.g. cat) were not eligible for inclusion.  4) The ED visit medical record 
was complete and available for review.  Cases were defined as cohort members who met 
the above criteria and were admitted as inpatients to UNC Health Care directly from the 
ED.  From the cohort, a simple random sample of 250 was selected for the subcohort.  
Cases were eligible to be subcohort members.   
The Institutional Review Board of the University of North Carolina at Chapel Hill 
approved this study and found that it met criteria for waiver of informed consent for 
research and waiver of Health Insurance Portability and Accountability Act (HIPPA) 
authorization.  
Data collection:  
Demographic characteristics, clinical data, and medical history for each ED visit 
included in the study were collected from UNC Health Care medical records.  Data on 
risk factors, the outcome, and covariates were collected from the ED medical record for 
the specific visit included in the study or from the demographics page of the electronic 
medical record (EMR).  Wound microbiologic culture results were collected for 
descriptive analysis from extended information found in related ED visit medical records 
and inpatient medical records.   
Anatomic location of the dog bite injury was abstracted from the physical 
examination findings and categorized by major body region: 1) head, neck or face 
(including eyes, ears, and oral cavity); 2) upper extremity (including shoulders, arms, 
wrists and hands); 3) other anatomic location (lower extremity (including hips, legs, 
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ankles and feet) or torso (including thorax, abdomen, genitals, other pelvis, back and 
buttocks, and other trunk)); and 4) multiple anatomic locations (a combination of one or 
more of the above anatomic locations).  Presence of a complicated injury was abstracted 
from physical examination findings and defined as any of the following: 1) injury to 
tendon or ligament, joint (including dislocation) or nerve; 2) vascular injury requiring 
specific surgical intervention; 3) piercing injury into the thorax, abdomen, or skull; 4) 
fracture; and 5) compartment syndrome.  Presence of a host defense abnormality was 
obtained from the medical history and defined as any of the following: diabetes mellitus, 
renal disease, hepatic disease, human immunodeficiency virus (HIV) infection, asplenic, 
or currently taking an immunosuppressive medication (included alkylating agents, 
antimetabolites, high-dose oral corticosteroids, immune suppressing antibodies and 
interferons) (79).  Presence of infection was a dichotomous variable abstracted from the 
ED provider’s clinical impression and included any infection related to the dog bite 
injury.  Previous evaluation was defined as a medical evaluation documented in the 
medical history from any primary care, urgent care, or emergency medicine provider for 
the same dog bite injury, prior to the study visit at UNC Health Care ED.  The number of 
previous evaluations was categorized as no previous evaluation, 1 previous evaluation, or 
≥2 previous evaluations. 
Data were entered into a custom, standardized, electronic data abstraction form 
developed in Epi Info™ (Centers for Disease Control and Prevention (CDC)) (Appendix 
1) (80).  Data abstraction was performed by the first author.  A random sample of study 
records was abstracted by a second reviewer (C. Cairns), an emergency medicine 
physician who was masked from the data abstracted by the first author.  Inter-rater 
 75 
 
reliability for risk factors, the outcome, and covariates was assessed using intraclass 
correlation statistics (81).  Discrepancies between the raters were settled by re-reviewing 
the medical record. 
Data analysis: 
Multivariate logistic regression models were used to describe the relationship 
between each of the risk factors and the outcome (SAS® 9.2 (Cary, NC)) (82).  For each 
risk factor, a directed acyclic graph (DAG) was used to evaluate potential confounding by 
covariates, including other risk factors (Appendix 2) (83, 84).  DAG analysis indicated 
that, for each risk factor, the model should be adjusted for all other risk factors and for 
patient age.  Patient age was modeled as a quadratic spline with knots at the 25% and 
75% percentiles of the subcohort age distribution.  The risk period was the duration of the 
ED visit for dog bite injury.   
Odds ratios (ORs) from logistic regression models directly estimated risk ratios in 
the cohort, given the case-cohort design (85).  Odds ratio 95% confidence intervals (CIs) 
were calculated using generalized estimating equation (GEE) robust variance estimates 
(86, 87).  Risk differences (RDs) were calculated using the sampling fraction and 
coefficients from logistic regression models with centered adjustment variables (83).  
Risk difference 95% CIs were estimated using bootstrap sampling.   
Odds ratio modification was estimated with product interactions of risk factors 
with patient sex and race for the relationship between previous evaluation for the dog bite 
injury and hospitalization.  For analysis of modification, the following variables were 
dichotomized: number of previous evaluations (no previous evaluation, ≥1 previous 
evaluation) and race (white, non-white).  Given the case-cohort study design, the ratios of 
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odds ratios (RORs) in the data estimated the ratios of relative risks (RRRs) in the cohort.  
Because the sampling fraction was known, the difference of RDs (interaction contrast, 
IC) could be estimated to assess modification on the additive scale (83).  Bootstrap 
sampling was used to estimate 95% CIs for RORs and ICs. 
 
D. Results  
Between January 1, 2000 and December 31, 2011, there were 1,384 visits to UNC 
Health Care ED with an ICD-9-CM E-code for dog bite (E906.1).  Of the 125 ED visits 
for dog bite resulting in admission to UNC Health Care (cases), 12 (10%) were excluded 
because they did not meet one or more of criteria 1-3 described in the methods, 1 (1%) 
was excluded because the medical record was incomplete or not available, and 1 (1%) 
was excluded because the patient declined hospitalization against medical advice (Figure 
3a).  The remaining 111 cases were included in this analysis.   
Of the 250 ED visits randomly sampled from the cohort for the subcohort, 19 
(8%) were excluded because they did not meet one or more of criteria 1-3 described in 
the methods, and 10 (4%) were excluded because the medical record was incomplete or 
not available (Figure 3a).  The remaining 221 in the subcohort were included in this 
analysis.  Twenty-one (10%) visits in the subcohort were also cases (Figure 3b).  Four 
patients in the dataset had 2 dog bite injury ED visits on different dates.  ED visits made 
from 2000 to mid-2004 were documented in paper medical records, while ED visits made 
from mid-2004 through 2011 were documented in the electronic medical record (EMR).  
EMR was used to collect information for 79 (71%) cases and 151 (68%) subcohort 
members.   
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Inter-rater agreement for a 10 record sample was 100% for all but one variable 
within a single ED visit record.  The discrepancy between raters was on the coding of 
complicated injury, resulting in an intraclass coefficient of 0.64 for the variable.  The 
medical record was re-reviewed to assess the discrepancy, and coding was adjusted 
appropriately in preparation for the analysis. 
The distribution of select characteristics for cases and the subcohort is presented 
in Table 5.  Cases were more likely to be male, white, or insured by Medicaid than were 
members of the subcohort.  The mean age of cases was 28.4 years (standard deviation 
(SD) 21.7; range 0 to 80), slightly less than the mean age of the subcohort at 30.4 years 
(SD 21.2; range 1 to 91).  The most common type of complicated injury was tendon or 
ligament injury for cases and fracture for the subcohort.  The biting dog was known to the 
patient in 82 (74%) of cases and 168 (76%) of the subcohort.   
An infectious diagnosis was provided for 57 (51%) of cases and 22 (10%) of the 
subcohort.  The most common infectious diagnosis was cellulitis for both the cases and 
the subcohort.  For those cases in which wound culture resulted in microbial growth, the 
most common pathogen isolated was Pasteurella multocida.  Pasteurella canis was 
isolated from the dog bite of one case.  Prescriptions for antibiotics were provided to 175 
(87%) of the 201 subcohort members who were not hospitalized.  Of those 175, 138 
(79%) were prescribed amoxicillin/clavulanate. 
Estimates of relative and absolute effect measures for risk of hospitalization are 
presented in Table 6.  Point estimates for all factors were elevated above the null.  
Compared to all other risk factors, infection at the time of ED visit had the largest relative 
risk (RR) and RD point estimates.  With the second highest RR point estimate, the 
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association between injury to multiple anatomic locations and hospitalization had a 
confidence limit ratio (CLR) of 26 and was the least precise estimate (92).  Using a 
model adjusted for all risk factors and patient age, the risk of hospitalization for multiple 
dog bite injuries to the same or multiple anatomic locations was 40% greater than that for 
a single injury (OR=1.4, 95% CI 0.8-2.6).  As the number of previous evaluations 
increased from 1 to ≥2, there was a monotonic decrease in relative and absolute effect 
measures for risk of hospitalization.     
Stratified associations between prior evaluations and hospitalization are presented 
in Table 7.  The relative and absolute effect measure point estimates differed by sex and 
race.  Females and white individuals with ≥1 prior evaluation had lower relative risks of 
hospitalization than males and non-white individuals with ≥1 prior evaluation, 
respectively.  Point estimates were least precise for the analysis by race.   
 
E. Discussion 
Nationally, approximately 2.5% of all ED visits for dog bite are admitted to the 
hospital (12).  The majority of these admitted patients require intravenous antibiotics 
and/or surgical repair of wounds.  The aggregated yearly cost of dog bite-related 
hospitalizations in the US is approximately $53.9 million.  Dog bite-related 
hospitalizations are associated with a greater cost than hospitalizations from other type of 
injuries.  This is despite the fact that dog bite related hospitalizations are typically shorter 
in duration by 2 days than other injury-related inpatient stays. 
Previous reports indicate that the rate of hospitalization from dog bite injury is 
highest for children <5 years of age and adults >65 years of age (12).  Significant 
 79 
 
physical trauma may result from dog bite injuries to small children.  Older adults may 
have complicating comorbid conditions and increased risk of infection.  Guidelines 
suggest providers consider anatomic location of the bite, presence of complicated or 
severe injury, and failure of outpatient therapy, in addition to age and presence of 
infection, when determining whether to admit a patient with dog bite injury (44).  
However, a quantitative evaluation of the associations between hospitalization after dog 
bite injury and potential risk factors has not yet been published.  A comprehensive 
understanding of patient and injury characteristics that result in an increased risk for 
hospitalization after a dog bite injury may reduce hospitalizations for dog bite injury, 
improve patient outcomes, and inform future research.   
For all factors evaluated in this study, point estimates for the risk of 
hospitalization after dog bite injury were above the null.  The largest relative and absolute 
effect measure point estimates in the study were for the association between infection and 
hospitalization.  This association, although intuitive, is substantial.  For every 3 ED visits 
for an infected dog bite, 1 resulted in hospitalization.  Therefore, upon initial evaluation 
of a dog bite injury, complete assessment, proper wound care, and patient education are 
crucial.  Depending on the nature and location of the wound, timely reevaluations may be 
prudent and the use of antibiotic prophylaxis should be considered. 
The RR point estimate for injury to multiple anatomic locations was also 
relatively strong but the least precise, due in part to the small number of such injuries.  
Compared to patients with a single dog bite injury, patients with multiple injuries were at 
increased risk for hospitalization.  Presence of multiple injuries may be related to bite 
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severity and the nature and circumstances of the injury, including the size and number of 
dogs involved. 
Injuries to single anatomic locations were also risk factors for hospitalization in 
this study.  Head, neck and face injuries can be severe and traumatic and occur most 
commonly in children <10 years of age.  Such injuries often require hospitalization, 
reconstructive procedures, and frequent medical evaluations, especially in young 
children.  Clinical guidelines suggest that animal bite wounds to the hands and wrist may 
be at increased risk of infection compared to other anatomic locations (44).  Pasteurella 
species and anaerobic bacteria are more commonly isolated from wounds of the upper 
extremities than from lower extremity wounds and from puncture wounds than 
lacerations (93).  This may be related to the nature of such wounds and possible increased 
efficiency in transfer of the dog’s oral flora.  Additionally, fractures, joint penetration, 
and tendon, ligament, or neurovascular injuries should be considered as possible 
complications, especially for dog bite wounds of the hand and forearm (44). 
The monotonic decrease in relative and absolute effect measure point estimates as 
the number of previous evaluations increased from 1 to ≥2 may be related to local and 
regional referral patterns.  As a tertiary medical center and 1 of 6 designated Level I 
Trauma Centers in North Carolina, UNC Health Care provides emergency treatment for 
severe dog bite injuries and related complications through direct access and referral by 
local and regional providers.  Patients with complicated dog bite injuries or infections 
may be referred to UNC Health Care ED after initial evaluation by an outside provider.  
Such patients could have become cases in this study if they were hospitalized directly 
from the ED for inpatient surgery and/or intravenous antibiotic therapy.  Alternatively, 
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patients with multiple previous evaluations for their dog bit injury may have more minor 
injuries or fewer complications that are amenable to outpatient therapy, including wound 
management and intravenous antibiotic administration in the ED.  
Effect measure modification was difficult to assess due to the small study size.  
However, on both the multiplicative and additive scales the impact of prior evaluations 
on the risk of hospitalization differed by sex and by race.  Findings suggest that having 
≥1 prior evaluation for the dog bite injury was associated with a lower risk of 
hospitalization for females and white individuals.  This may be related to the type and 
severity of the injury, the medical care accessed by the patient, and patient education and 
understanding of wound care and medication compliance.  
Future studies of dog bite injury-related hospitalizations could include a larger 
number of patients to allow for investigation of additional risk factors and effect measure 
modifiers, including the size and type of medical facility.  A prospective study of dog bite 
injury patients could assess the impact of situational factors and previous treatment on 
hospitalization.  Finally, a large clinical trial may help clarify the role of prophylactic 
antibiotics in reducing hospitalizations from dog bite injury. 
 There were several limitations inherent in this study.  Generalizability may be 
limited, as the study cohort originated from ED visits made to a single, large academic 
medical center.  Results may not be applicable to smaller, non-teaching, hospitals or to 
primary or urgent care facilities.  The study sample was not large, leading to 
dichotomization of most exposure variables, wide confidence intervals, and reduced 
power to study effect measure modification.  To obtain enough cases, the study spanned 
an 11-year period.  Patient care plans and treatment protocols may have changed over 
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that time.  Additionally, data abstraction from both paper medical records and EMR was 
required.  Analysis was limited to data documented in the medical record.  Although 
DAGs were used to assess confounding, unknown or unmeasured confounders may exist.   
 
F. Conclusions 
Dog bite injuries may result in trauma, pain, and infection and lead to costly 
healthcare utilization, such as ED visits and hospitalization (9, 12-14, 28-31).  The 
average cost for a dog bite-related treat and release ED visit is >$630 and for a dog bite-
related hospitalization is $18,200 (12, 71).  This case-cohort study provides a unique, 
quantitative examination of risk factors for hospitalization after dog bite injury.  Point 
estimates for each factor evaluated (infection; complicated injury; injury to the head, 
upper extremities, or multiple anatomic locations; ≥1 previous evaluation for the injury; 
and presence of host defense abnormalities) were above the null.  The strongest relative 
and absolute effect measures in this analysis were for infection and hospitalization.  This 
intuitive association highlights the importance of proper wound care, patient counseling, 
and consideration of antibiotic prophylaxis at the initial patient evaluation after a dog bite 
injury. 
 
  
 
 
Table 5.  Characteristics of case and subcohort emergency department (ED) visits for dog bite injury, 
UNC Health Care, 2000-2011.  
Characteristics 
Case ED visits 
(n=111) 
Subcohort ED visits 
(n=221) 
N % N % 
Patient sex     
Female 51 46.0 126 57.0 
Male 60 54.1 95 43.0 
Patient race     
White 93 83.8 160 72.4 
Black 11 9.9 31 14.0 
All other races 4 3.6 30 13.6 
missing 3 2.7 0 . 
Payment method on record     
Private or commercial 37 33.3 98 44.3 
Medicaid 26 23.4 31 14.0 
Medicare 9 8.1 19 8.6 
Self-pay 24 21.6 45 20.4 
Worker’s compensation 1 0.9 5 2.3 
Other 6 5.4 10 4.5 
missing 8 7.2 13 5.9 
Infectious diagnosisa     
No infectious diagnosis  54 45.8 199 89.6 
Cellulitis  38 32.2 12 5.4 
Abscess  2 1.7 1 0.5 
Tenosynovitis  9 7.6 1 0.5 
Osteomyelitis  0 0 1 0.5 
Intra-abdominal infection  1 0.8 0 0 
Renal abscess/infected hematoma  1 0.8 0 0 
Infection not otherwise specified  13 11.0 8 3.6 
Wound microbiology culture resultsa     
No culture submitted or no growth  92 80.0 218 98.2 
83 
  
 
Pasteurella multocida  10 8.7 0 0 
Pasteurella species (unspecified)  2 1.7 1 0.5 
Pasteurella canis 1 0.9 0 0 
Coagulase negative Staphylococcus species  2 1.7 1 0.5 
Staphylococcus aureus  1 0.9 1 0.5 
Streptococcus viridians group  2 1.7 0 0 
Mixed gram positive/gram negative unspecified  2 1.7 0 0 
Mycobacterium abscessus  1 0.9 0 0 
Neisseria weaver  1 0.9 0 0 
Candida species 1 0.9 1 0.5 
Host defense abnormality typea     
No host defense abnormality 100 87.7 206 93.2 
Diabetes mellitus 4 3.5 7 3.2 
Hepatic disease 4 3.5 3 1.4 
Renal disease 1 0.9 1 0.5 
HIV positive 1 0.9 1 0.5 
Asplenic 2 1.8 0 0 
Use of immunosuppressive medication(s) 2 1.8 3 1.4 
Complicated injury typea     
No complicated injury 92 79.3 214 95.5 
Fracture 8 6.9 6 2.7 
Joint involvement 2 1.7 1 0.4 
Tendon or ligament involvement 9 7.8 0 0 
Vascular injury 1 0.9 1 0.4 
Nerve injury 0 0.0 1 0.4 
Internal injury 3 2.6 1 0.4 
Compartment syndrome 1 0.9 0 0 
Owner of biting dog      
Patient or patient’s relative  53 47.7 100 45.2 
Friend, neighbor, or other individual known 
to the patient  29 26.1 68 30.8 
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Police dog  2 1.8 2 0.9 
Unknown or stray  10 9.0 26 11.8 
Missing 17 15.3 25 11.3 
aFor each clinical characteristic above, a patient could be included in >1categories.  
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Table 6.  Odds ratios and risk differences for hospitalization by risk factor among emergency (ED) visits 
for dog bite injury, UNC Health Care, 2000-2011. 
Risk factor 
No. exposed 
Adjusteda  
odds ratio 
(95% CIb) 
Adjusteda  
risk differencec 
(95% CIb) 
Case visits 
(n=111) 
Subcohort 
visits 
(n=221) 
Host-defense abnormality     
Present 11 15 1.6 (0.5, 4.6) 0.02 (-0.03, 0.1) 
Absent 100 206 1 0 
Anatomic location     
Multiple locations 11 7 6.0 (1.2, 30.9) 0.06 (-0.0006, 0.4) 
Upper extremity only 65 112 3.0 (1.0, 8.9) 0.02 (0.004, 0.04) 
Head only 28 66 1.4 (0.4, 4.9) 0.006 (-0.008, 0.03) 
Other locationd 7 36 1 0 
Infection     
Present 57 22 7.8 (3.8, 16.0) 0.3 (0.1, 0.6) 
Absent 54 199 1 0 
Number of previous 
evaluations     
≥2  17 6 4.2 (1.3, 13.7) 0.1 (0.006, 0.9) 
1 55 31 5.7 (3.1, 10.4) 0.2 (0.07, 0.4) 
0 39 184 1 0 
Complicated injury     
Present 19 7 3.2 (1.1, 9.4) 0.1 (0.006, 1.0) 
Absent 92 214 1 0 
aAnalysis of directed acyclic graphs (DAGs) indicated the association of each risk factor and hospitalization should be adjusted for age 
and all other risk factors.  
bConfidence interval 
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cUsing centered adjustment variables  
dTorso only or lower extremity only 
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Table 7.  Analysis of prior evaluations and the risk of hospitalization after dog bite injury by 
patient sex and race, emergency department (ED) visits for dog bite injury, UNC Health Care, 
2000-2011.  
 
Prior evaluations 
  
≥1 prior 
evaluation(s) No prior evaluation 
Sex 
Cases 
(n) 
Subcohort 
(n) 
Cases 
(n) 
Subcohort 
(n) 
Odds ratioa 
(95% CIb) 
Risk differencea 
(95% CIb) 
Male 39 14 21 81 10.7 (5.2, 22.2) 0.4 (0.2, 0.6) 
Female 33 23 18 103 8.2 (4.2, 15.9) 0.3 (0.2, 0.4) 
     
RORc (95% CIb) = 
1.3 (0.4, 4.0) 
ICd (95% CIb)= 
0.1 (-0.1, 0.4) 
Racee       
Non-white 8 4 7 56 16.0 (3.9, 66.2) 0.2 (0.1, 0.6) 
White 62 33 31 128 7.8 (4.6, 13.1) 0.3 (0.2, 0.4) 
     
RORc (95% CIb) = 
2.1 (0.5, 19.8) 
ICd (95% CIb)= 
-0.1 (-0.3, 0.4) 
aReference is no prior evaluations. 
bConfidence interval 
cRatio of odds ratios 
dInteraction contrast 
eRace is missing for 3 individuals. 
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Figure 3. Design for case-cohort study of risk factors for hospitalization after dog bite 
injury, UNC Health Care, 2000-2011; (a) case-cohort profile (b) conceptual illustration. 
 
Figure 3a  
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Figure 3b 
 
 
  
 
CHAPTER VI 
CONCLUSIONS 
 
A. Recapitulation of Specific Aims 
Aim 1 (Manuscript 1): 
 Using NC DETECT ED visit data from January 1, 2008 to December 31, 2010, 
calculate animal bite incidence rates and 95% CIs over the 3-year study period and within 
yearly and monthly intervals for the entire state and by patient sex, age group, rural or 
urban residence, and biting animal species with age-adjustment to the US Census Bureau 
2008 Intercensal Population Estimates for North Carolina by 5-year age groups.  
Calculate rate differences and 95% CIs.   
Conclusions: 
The statewide incidence rate of animal bite-related ED visits remained 
approximately constant over the study period: 135/105 py (95% CI, 132-137) in 2008, 
141/105 py (95% CI, 139-144) in 2010.  The incidence rate was highest for children 
under 10 years of age, after which the rate declined fairly steadily with age.  The overall 
rates for males and females were quite similar.   
The rate of dog bite-related ED visits was much higher than for any other 
mammalian species.  The incidence of dog bite-related ED visits was higher in males 
(115/105 py) than in females (95/105 py), with a rate difference of 20/105 py
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(95% CI, 17-22).  ED visits related to cat bites and scratches were next most common, 
with highest rates among adults >75 years of age.  The incidence of cat bite or scratch-
related ED visits was higher in females (26/105 py) than in males (12/105 py), with a rate 
difference of 14/105 py (95% CI, 13-15). 
 The incidence of visits for dog bites, cat bites or scratches, and other specified 
animal bites (bites from wildlife, equines, swine, small ruminants, other small animals, 
and rodents) demonstrated a seasonal pattern, with an increase in the late spring, peak in 
the summer, and decrease through the fall.  The age-adjusted incidence of animal bite-
related ED visits was higher in rural than in urban North Carolina counties.   
 
Aim 2 (Manuscript 1): 
Describe the incident animal bite-related ED visit and patient characteristics, 
including mode of transport to the ED, visit month, payment method, administration of 
rabies PEP, patient sex, patient age, anatomic location of bite(s), ED disposition, biting 
animal species, and urban versus rural patient residence.   
Conclusions: 
 Among North Carolina residents with an incident animal bite ED visit from 2008-
2010 (38,479), the mean age was 32 years (range: 0-99; standard deviation: 22).  Thirty 
percent (11,570) of such visits were made by children ≤14 years.  Similar numbers of 
incident animal bite-related ED visits were made by males and females.  Patients from 
rural North Carolina counties made 19,555 (50%) of incident animal bite ED visits, while 
17,623 (45%) were made by patients from urban North Carolina counties.     
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In 35,297 (91%) of incident animal bite ED visits the patient was discharged, 
while in 1,091 (3%) of incident visits the patient was hospitalized.  Private insurers paid 
for 14,139 (36%) of the incident animal bite ED visits.  Among the 30,865 visits with 
information regarding mode of transport to the ED, 27,908 (90%) were walk-ins.  Rabies 
PEP was administered during 1,664 (4%) of the incident animal bite-related visits. 
Among those with an incident animal bite ED visit, the highest frequencies of 
ICD-9-CM diagnosis code(s) for skin or subcutaneous tissue infections were in adults 
aged 35-69.  Skin or subcutaneous tissue infection was diagnosed at 796 (3%) of 29,586 
dog bite-related incident visits and 898 (17%) of 5,314 cat bite or scratch-related incident 
visits.  Wounds to the head, neck, or face were documented in 6,304 animal bite-related 
ED visits, 1,931 (31%) of which were made by 0-4 year-olds and 1,456 (23%) of which 
were made by 5-9 year-olds.   
 
Aim 3 (Manuscript 2): 
 Using an administrative dataset from the University of North Carolina, 
Department of Emergency Medicine, identify the dog bite-related ED visits that will be 
included in the case-cohort study.  Create a data collection instrument and data base in 
preparation for medical record review.  Perform a review of UNC Health Care medical 
records and collect relevant demographic and clinical data on each ED patient included in 
the study. 
Conclusions: 
 Between January 1, 2000 and December 31, 2011, there were 1,384 visits to UNC 
Health Care ED with an ICD-9-CM E-code for dog bite (E906.1).  Of the 125 ED visits 
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for dog bite that resulted in hospitalization (cases), 14 (11%) did not meet eligibility 
criteria and were excluded.  The remaining 111 cases were included in the analysis.  Of 
the 250 visits randomly sampled for the subcohort, 29 (12%) did not meet eligibility 
criteria and were excluded.  The remaining 221 in the subcohort were included in the 
analysis.  Twenty-one (10%) patients in the subcohort were also cases.  Four patients in 
the dataset had 2 dog bite injury ED visits on different dates.  ED visits made from 2000 
to mid-2004 were documented in paper medical records, while ED visits made from mid-
2004 through 2011 were documented in the EMR.  EMR was used to collect information 
for 79 (71%) cases and 151 (68%) subcohort members.   
 
Aim 4 (Manuscript 2): 
 Using logistic regression models, describe the relationship between the following 
risk factors and the risk of hospitalization after a dog bite-related ED visit: presence of 
infection, complicated injury, host defense abnormalities, the number of previous 
evaluations for the injury, and anatomic location of the bite.  Consider adjustment 
variables for the relationship between each risk factor and hospitalization based on 
DAGs.     
Conclusions: 
Point estimates for all risk factors were elevated above the null.  Compared to all 
other risk factors, infection at the time of ED visit had the largest relative risk (OR=7.8, 
95% CI 3.8-16.0) and RD (0.3, 95% CI 0.1-0.6) point estimates.  With the second highest 
relative risk point estimate, the association between injury to multiple anatomic locations 
and hospitalization (OR=6.0, 95% CI 1.2-30.9) had a CLR of 26 and was the least precise 
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estimate.  As the number of previous evaluations increased from 1 to ≥2, there was a 
monotonic decrease in relative and absolute effect measures for risk of hospitalization.     
 
Aim 5 (Manuscript 2):  
 Evaluate EMM by patient sex and race for the relationship between previous 
evaluation for the dog bite injury and hospitalization. 
Conclusions: 
Females and white individuals with ≥1 prior evaluation had lower relative risks of 
hospitalization than males and non-white individuals with ≥1 prior evaluation, 
respectively.  Point estimates were least precise for the analysis by race.   
 
B. Summary 
Animal bites are an important target for public health interventions.  From 2008-
2010, unintentional dog bite injuries were associated with an estimated average lifetime 
medical cost of >$630 for a treat and release ED visit.  In North Carolina ED-evaluated 
dog bite injuries alone cost an average of >$9.1 million per year.  Nationally, 
approximately 2.5% of all ED visits for dog bite are admitted to the hospital (12).  The 
majority of these admitted patients require intravenous antibiotics and/or surgical repair 
of wounds.  The aggregated yearly cost of dog bite-related hospitalizations in the US is 
approximately $53.9 million. 
Although animal bites are largely preventable, directed intervention efforts 
require an understanding of current epidemiology.  The incidence of animal bites has 
been examined previously.  However, published estimates included only dog bites (12, 
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29, 30) were based on data from the early to mid-1990’s (3, 8), relied on reported animal 
bites or exposures (3, 8), or were for a single city (32).  Biting species-specific ED visit 
incidence rates described in this dissertation have not been previously published on a 
statewide level.   
This dissertation provides an example of the use of comprehensive, statewide ED 
syndromic surveillance data for determination of animal bite incidence rates and 
description of ED visit characteristics and patient attributes.  Greater than 75% of animal 
bites examined in North Carolina EDs were from dogs, nearly 14% from cats, and the 
remaining from wildlife, horses, food animals, rodents, and other animals.  Children ≤14 
years had the highest rates of animal bite-related ED visits, specifically dog bites.  By the 
age of 10, a North Carolina child has a 1 in 50 risk of dog bite injury requiring an ED 
visit.  Dog bite prevention efforts in North Carolina should be increased and directed at 
children ≤14 in the early spring.  Despite the fact that those >79 years had the lowest 
animal bite incidence, the highest incidence of cat bite or scratch-related ED visits was in 
adults >79 years.  A North Carolinian has a 1 in 60 lifetime risk of cat bite or scratch 
injury requiring an ED visit.  Older adults should be educated on avoidance of cat bites 
and scratches. 
Previous reports indicate that the rate of hospitalization from dog bite injury is 
highest for children <5 years of age and adults >65 years of age (12).  Significant 
physical trauma may result from dog bite injuries to small children.  Older adults may 
have complicating comorbid conditions and increased risk of infection.  Guidelines 
suggest providers consider anatomic location of the bite, presence of complicated or 
severe injury, and failure of outpatient therapy, in addition to age and presence of 
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infection, when determining whether to admit a patient with dog bite injury (44).  
However, a quantitative evaluation of the associations between hospitalization after dog 
bite injury and potential risk factors has not yet been published.   
This dissertation describes a case-cohort study of risk factors for hospitalization 
after a dog bite injury, including presence of infection, complicated injury, host defense 
abnormalities, number of previous evaluations for the injury, and anatomic location of the 
bite.  For all factors evaluated, point estimates for the risk of hospitalization after dog bite 
injury were above the null.  The largest relative and absolute effect measure point 
estimates in the study were for the association between infection and hospitalization.  
This intuitive association highlights the importance of proper wound care, patient 
counseling, and consideration of antibiotic prophylaxis at the initial patient evaluation.  
Compared to patients with a single dog bite injury, patients with multiple injuries were at 
increased risk for hospitalization.  Presence of multiple injuries may be related to bite 
severity and the nature and circumstances of the injury, including the size and number of 
dogs involved. 
Animal bites, specifically dog and cat bites, are typically monitored and 
prevention efforts undertaken at state and local levels.  Monitoring species-specific bite 
incidence across the state and in various subpopulations provides valuable insight for 
state and local public health officials, physicians, and veterinarians.  The quantitative 
examination of risk factors for hospitalization after dog bite injury informs clinical 
guidelines and may reduce dog bite related-hospitalizations.   
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APPENDIX A. DATA COLLECTION FORM FOR CASE-COHORT STUDY: 
Data collection form (Epi Info (80)) for medical record review (Manuscript 2). 
 
  
 99 
 
 
 
  
 100 
 
 
  
 101 
 
 
  
 102 
 
 
  
 103 
 
 
  
 104 
 
 
  
 105 
 
 
  
 106 
 
 
  
 107 
 
 
  
 108 
 
 
  
 109 
 
 
  
 110 
 
 
 
 111 
 
APPENDIX B. DIRECTED ACYCLIC GRAPH (DAG) FOR CASE-COHORT STUDY: 
DAG for the relationship between the exposure, infection, and the outcome, 
hospitalization after dog bite injury (Manuscript 2) (83, 84).  DAGs for the relationship 
between each of the other risk factors and hospitalization were based on this model. 
Complicated injury=Complicate; Previous evaluation=Prev_evals; Payment 
method=Payment; Host defense abnormality=HDA; Hospitalization=Hospital; 
Relationship between Age and Race in North Carolina (unmeasured)=U1; 
Socioeconomic status (unmeasured)=U2; Ease of access to a medical provider 
(unmeasured)=U3; Occupation (unmeasured)=U4; Dog ownership (unmeasured)=U5; 
Other unmeasured=U6 
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Model Text Data for DAGitty (84): 
Age 1 @0.137,-0.065 
Complicate 1 @0.926,-0.005 
Dog_bite A @0.392,0.056 
ED_visit A @0.702,-0.011 
HDA 1 @0.070,0.067 
Hospital O @0.981,0.075 
Infection E @0.394,0.116 
Location 1 @0.734,-0.042 
Payment 1 @0.251,0.059 
Prev_evals 1 @0.759,0.123 
Race 1 @0.139,-0.005 
Sex 1 @0.156,0.027 
U1 U @-0.010,-0.038 
U2 U @0.449,-0.053 
U3 U @0.951,0.100 
U4 U @0.630,-0.058 
U5 U @0.327,-0.081 
U6 U @0.257,0.105 
 
Age Location Infection Prev_evals Hospital HDA Dog_bite ED_visit Payment U4 U5 
Complicate 
Complicate Infection Prev_evals ED_visit Hospital 
Dog_bite Infection Prev_evals Location Complicate U6 
ED_visit Hospital 
HDA Prev_evals Infection ED_visit Hospital 
Infection ED_visit Hospital 
Location ED_visit Infection Prev_evals Complicate Hospital 
Payment Prev_evals U3 ED_visit 
Prev_evals Infection ED_visit Hospital 
Race HDA U2 U4 U5 
Sex Dog_bite U4 U5 
U1 Age Race 
U2 Prev_evals ED_visit U5 U3 Payment HDA 
U3 Prev_evals ED_visit 
U4 U2 Dog_bite Payment 
U5 Dog_bite 
U6 ED_visit 
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